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Urbanization coupled with the lack of space has led to soil sealing and encroachment upon 
stream corridors in many cities the world over. This has caused not just the degradation of the 
riparian ecosystem, but has also increased the frequency and intensity of flash flooding. India 
is one of the countries worst affected by urban floods. To manage flood risk, especially in the 
case of rain-fed urban streams, not just the government but also the public needs to be 
engaged in the management of the stream corridor. In this context of flood risk management, 
the resilience concept is increasingly being applied. It revisits some fundamental notions 
conventionally associated with viewing and managing floods, beginning by acknowledging that 
floods are natural and unavoidable, and resilience, not stability is the desirable quality. This 
research aims to study how governance attributes like public participation can enhance flood 
resilience. To this end, relevant literature on resilience and governance has been studied 
followed by a study of the events surrounding the flooding of the Ramnadi stream corridor in 
Pune city through policy analysis, data derived from documents and maps, and through semi-
structured interviews with stakeholders like locals, experts, activists and civic authorities. 
Categorization and meaning interpretation of relevant data has enabled an analysis of the 
governance structure for the Ramnadi corridor using a causal loop diagram. The nodes, 
linkages and feedback loops in this diagram have been studied to understand how public 
participation affects resilience characteristics. Findings of this investigation along with draft 
recommendations for specific actors were presented to stakeholders in a validation workshop. 
Implications of the results on the theories of flood resilience, governance and public 
participation have been examined which has enabled their analytic generalization. General 
policy recommendations have been based on this. Subsequently, recommendations which 
promote systems approach based public participation and systems thinking in the governance 
of social-ecological systems have been made. 
 
Keywords: governance, flood resilience, social-ecological system, public participation, 
systems thinking, systems approach, causal loop diagram  
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Resilience, in the sense of community resilience, is the ability of the community to absorb, 
adapt to and recover from disturbances so as to still retain same function, structure, identity 
and feedbacks without large assistance from the outside (based on Mileti, 1999; Walker, et al., 
2004). Stream corridor consists of the stream itself, the floodplain around it and the transitional 
area between the floodplain and beyond which may get indirectly affected by floods1. Flood 
resilience of urban river/stream corridor is the ability of the river/stream corridor to protect the 
citizens and infrastructure from flood damage and to adapt in order to be better equipped to 
deal with any future floods, whilst maintaining its identity. 
Vulnerability is a function of a systems exposure to external shocks, its sensitivity to those 
shocks and its capacity to adapt (based on Gallopín (2006)). Adaptive capacity is the ability of 
institutions, systems and individuals to adjust to potential damage, to take advantage of 
opportunities, or to cope with the consequences (Millennium Ecosystem Assessment, 2005). 
Social-ecological system is a system containing linked human and natural elements (Berkes 
& Folke, 1998). Complex adaptive systems are systems which are acknowledged as non-
deterministic, dynamic and organic. They contain many mutually interacting and interwoven 
parts and agents. Almost every biological, economic and social system is a complex adaptive 
system (Ahmed, et al., 2005).  
Risk is defined as a function of the probability and impact of a flood. Flood is an overflow of a 
large amount of water beyond its normal limits over land which is normally dry. Flood risk is 
not just a function of the chance of the occurrence of a flood event but also of the impact that 
a flood event may have. Flood risk management is all the activities that aim at maintaining or 
improving the capability of a region to cope with flood waves (de Bruijn, 2005). 
  
                                               
1 based on U. S. Environmental Protection Agency’s document “Stream Corridor Structure”, available 
at: http://cfpub.epa.gov/watertrain/pdf/modules/new_streamcorridor.pdf 
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धम एव हतो हित धम रित रितः । 
तमाम न हतयः मानो धम हतोवाधीत ्॥ 
- मनुमिृत, अयाय ८, ोक १५  
 
 
 
 
 
 
 
 
 
Natural law, being violated, destroys; 
natural law, being preserved, preserves. 
Therefore the natural law must not be 
violated, lest violated natural law destroy 
us. 
Manusmriti, Chapter 8, verse 15 
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Floods are a timeless phenomenon. Societies and communities all over the world have viewed 
them and dealt with them in their own different ways. Many societies, especially ancient 
civilizations like the Egyptians, Mesopotamians and Harappans that have flourished on river 
banks have greatly benefitted from seasonal floods, especially in lowland river deltas, courtesy 
the silt deposition by the flood waters and the resulting increase in the fertility of the soil. Having 
said that, floods have also created havoc and brought destruction to civilizations. The 
destructive power of floods has been a recurring theme in myths and folklore all over the world 
right from the Bronze Age and Neolithic prehistory up to present times, examples being the 
story of Noah’s flood in Abrahamic texts and the story of the Matsya avatar, as it appears 
in  Shatapatha Brahmana (700–300 BCE) and in Matsya Purana (250–500 CE). However, due 
to uncontrolled urbanization, climate change and population growth, the disastrous effects of 
floods have increased manifold. These disastrous effects are most pronounced in urban floods, 
especially in the ones which occur in cities in the developing world. 
Floods are the most frequently occurring natural disasters and with time, their frequency and 
magnitude is seen to be increasing (Jha, et al., 2012, p. 19). This can be attributed to various 
factors. Many cities in the developing world are growing at a rapid pace. In such cities, the 
urban built environment and institutional setups, more often than not, are insensitive to the 
water environment and cause their degradation (Suriya & Mudgal, 2012, p. 210). This gives 
rise to recurring conflicts between the human and natural systems. These conflicts take the 
Figure 1: Number of flood disasters by country: 1974 – 2003 
Source: (Université Catholique de Louvain - Brussels, Belgium , 2015) 
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form of degraded riparian ecosystems, flood disasters, etc. These problems get compounded 
due to inadequate governance structures which fail to deliver when it comes to managing flood 
risk. Climate change is also perceived as a factor causing an increase in flood risk. It is widely 
held that global warming will lead to an increase in the intensity and frequency of extreme 
precipitation events, and this will lead to more severe and frequent river flooding (IPCC, 2007, 
p. 44). 
 
Figure 2: Physical exposure to floods, 1980 – 2000 
(Source: Pelling, et al., 2004) 
  Urban flood risk in India 
As can be seen from Figure 1, a high number of flood events occur in India.  These affect a 
considerable proportion (1.4%) of the population (see Figure 2). As is the trend around the 
globe, urban flooding is getting more frequent in India too and many cities have been affected 
in the 21st century due to it. Hyderabad in 2000, Delhi in 2002 and 2003, Mumbai in 2005 (300+ 
dead), Jamshedpur in 2008 and Srinagar floods in 2015 are some of the examples (National 
Disaster Management Guidelines, 2010, p. xxiii). 
India faces the worst urban flood risk according to the Aqueduct Flood Analyzer, a tool 
developed by the World Resources Institute (WRI) and four Dutch research agencies (Plantz, 
2015). According to this tool, the current annual population in India expected to be affected by 
floods at present is 10.5 million. This could increase to anything from 23 to - assuming no 
additional flood protection - 33.8 million by 2030. Similarly, urban damage from floods is 
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expected to increase 10 to 15 fold. This is one of the reasons for choosing an Indian case 
study for this research. 
 
Figure 3: Average rainfall (mm) graph for Pune from year 2000 to 2012 
(Source: www.worldweatheronline.com, 2017) 
Since the dawn of the 21st century, many urban flood disasters have occurred in India. These 
floods mostly occur during the monsoon season, which is the time of heavy rainfall (see Figure 
3). Factors like global warming, urban heat island effect and soil sealing contribute to higher 
precipitation and lower percolation into the ground. The problem is compounded by dense 
settlements in floodplains which also sometimes constrict the channels of rivers and streams. 
Waste and debris which is dumped in the waterways reduces the carrying capacity of these 
channels further. This results in greater and more frequent flooding events. 
As explained above, urban flooding is a worsening problem worldwide (Douglas, et al., 2007, 
p. 30), as it is in India. This has been recognised by planners and policy-makers. As a result, 
major rivers flowing through cities do receive attention and are the subjects of various 
exercises of flood control, river conservation, river restoration, river regeneration, etc. Although 
these efforts have not been able to limit the monetary losses which have increased 
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exponentially, they have been successful in limiting casualties.1 However, not enough attention 
is given to address the issues related to other urban water bodies like smaller rivers and 
streams which also flood and cause losses. The 2010 flooding of the Ramnadi stream in the 
city of Pune is a prominent example of flooding of such an urban stream in India. This case 
offers an instructive insight into the causes of urban flooding in India and the kind of solutions 
and approaches that could be developed to better tackle such flood events in the future. 
Table 1: Factors Contributing to Urban Flooding 
Meteorological 
Factors 
Hydrological Factors Human Factors 
• Rainfall 
• Cyclonic 
storms 
• Small-scale 
storms 
• Temperature  
• Snowfall and 
snowmelt 
• Soil moisture level 
• Groundwater level prior to 
storm 
• Natural surface infiltration 
rate 
• Presence of impervious 
cover 
• Channel cross-sectional 
shape and roughness 
• Presence or absence of 
over bank flow, channel 
network 
• Synchronization of 
runoffs 
• From various parts of 
• watershed 
• High tide impeding 
drainage 
• Land-use changes (e.g. surface 
sealing due to urbanization, 
deforestation) increase run-off and 
maybe sedimentation 
• Occupation of the flood plain 
obstructing flows 
• Inefficiency or non-maintenance of 
infrastructure 
• Too efficient drainage of upstream 
areas increases flood peaks  
• Climate change affects magnitude 
and frequency of precipitations and 
floods  
• Urban microclimate may enforce 
precipitation events 
• Sudden release of water from dams 
located upstream of cities/towns * 
• Failure to release water from dams 
resulting in backwater effect * 
• Indiscriminate disposal of solid waste * 
* Three more human factors are added in the Indian Context. 
(Source: NDMA, 2010) 
 Flooding in urban stream corridors 
A stream is a water body that flows across the Earth’s surface and is contained within a 
channel. Based on the size of the stream, it may be called a brook or a creek if it is small and 
a river if it is large. The stream order hierarchy has 12 orders of streams, first order streams 
being the smallest of the streams and twelfth order streams being rivers like the Amazon. The 
                                               
1 Based on data from EM-DAT: The OFDA-CRED International Disaster Database – www.emdat.be – 
Université Catholique de Louvain – Brussels – Belgium. 
http://www.emdat.be/disaster_trends/index.html 
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water in streams might at times overflow and submerge land that is usually dry. This 
phenomenon is referred to as a flood. Urban floods are different from rural floods as urban 
development changes the hydrology of the basin significantly. As a result, the flood peaks can 
be many times higher than normal. Same is the case with the flood volume and frequency 
(Konrad, 2003). Urban flooding can occur and then recede very soon, sometimes within 
minutes, but might leave a lot of destruction in its wake.  
Some nuanced typologizing of urban flooding based on the size of the stream won’t go amiss. 
Based on the size, the governance structure of urban streams may differ. This size-based 
difference in the governance structure can at times come from the urban local bodies. Based 
on their classification of streams, they might have different regulations for the breadth of buffer 
(no-development) zones, separate funds and different approaches. Apart from this 
administrative classification, the type and extent of interaction of the public also differs based 
on the size of the stream. As an example, the scope for public participation and spot fixing 
through local action is higher in case of smaller streams. Also, there can be a tendency in the 
city authorities to neglect the issues of these seemingly insignificant streams, which can 
compound the issues further. 
Notwithstanding their varying sizes, all urban streams contribute not just to the green cover 
and biodiversity of the city, but are indispensable for the drainage of the surrounding areas. 
Streams can also become a symbol of local identity (Yli-Pelkonen, et al., 2006, p. 684). Due 
to these factors, urban streams play an important role in the lives of the people who live around 
it. A healthy stream contributes greatly to the well-being of the surrounding area.  
Urban streams are important and sensitive natural elements which react strongly to processes 
like urban growth and land-use change in their catchments. These streams, if fed by first order 
and second order tributaries with steep gradients, are highly susceptible to flash flooding. In 
addition, urban growth also leads to increase in non-porous surfaces, which causes greater 
peak discharge and a higher runoff (Schueler, 1987; Weng, 2001). On top of that, lack of space 
leads to an increase in the density of settlements in the floodplains. Increased load on 
resources and infrastructure leads to the lowering of resilience1 of the place - in this case, the 
                                               
1 Resilience is the ability of a system to absorb, adapt to and recover from disturbances so as to still 
retain same function, structure, identity and feedbacks without large assistance from the outside (based 
on Walker, et al. (2004) and Mileti (1999)). The concept of reslilience has been further explained in 
chapter 2.3. 
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stream corridor-as the artificial and natural thresholds get breached earlier. This increases the 
severity and frequency of floods.  
The western part of the state of Maharashtra in India is dominated by the Sahyadri mountain 
range, also known as the Western Ghats (mountain ranges), which is an area experiencing 
heavy showers during the Monsoons. These waters eventually drain through the Deccan 
plateau on which the city of Pune is located. Thus every year, during periods of heavy rainfall, 
the catchment in this region is put under considerable pressure to drain this water. Soil sealing 
in urban areas has increased the surface runoff and encroachment on the stream banks has 
reduced the carrying capacity of the channel which has raised the flood risk. 
According to the National Disaster Management Authority (NDMA), most floods in Maharashtra 
are flash floods caused due to nallah (small urban stream) overflows and poor drainage 
systems. The worsening condition of the catchments, especially in the city of Pune, has been 
documented. In Pune, the catchment of Ramnadi, an urban stream flowing through its western 
parts has received considerable setbacks. Umrikar & Iyer (2009) point out that out of 147 first, 
37 second and 7 third order streams of this stream (total length 170 km), 57, 23 and 3 streams 
respectively (total length 76 km) have disappeared in the process of levelling of land for 
construction purposes such as buildings and roads. This has also reduced the groundwater 
recharge capacity. Encroachments along the stream itself have drastically reduced its carrying 
capacity. Dumping of construction debris in the stream channel as well as some actions by the 
authorities, like building a road over the stream with pipe drains of inadequate cross sectional 
area have led to constriction of streams at places. In the event of high rainfall, like the 
cloudburst of 2010 (Khot & Bende, 2011), a flash flood is the most likely scenario. 
It is worth remarking that these changes are man-made. These man-made changes, brought 
about through human actions, can improve as well as worsen the ecology. Systems which 
show such presence of both human and natural components are called social-ecological 
systems (Berkes & Folke, 1998). Various actors are responsible for the changes within these 
social-ecological systems and have the power to make further changes. The governance 
structure that exists for the management of these systems can determine who acts within the 
system and the actions that the actors take. Thus it follows that in order to understand, analyse 
and suggest interventions for making the stream corridor resilient to floods, one needs to 
understand, analyse and suggest improvements for the governance structure. This 
governance structure can be improved through the promotion of various governance attributes. 
Given the local nature of this issue, public participation is one governance attribute which can 
contribute greatly towards making social-ecological systems like stream corridors flood 
resilient (Lebel, et al., 2006). This has been explained further in chapter 2.6.3 (page 37). 
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 Rationale and aims of the research 
Against this background, this dissertation project endeavours to undertake a study of the 
governance structure which exists for the management of stream corridors in the event of 
floods. This governance structure changes with time, especially after stimuli like floods. It 
exhibits certain characteristics which influence the outcomes of a flood. Governance can play 
a crucial role in addressing the issues causing floods and the issues created due to floods. But 
governance to achieve what? What is the guiding light? What is the desired end state? In order 
to judge which attribute of governance is desirable and in what form, one should be able to 
point towards a desired scenario. In this research, this desired scenario, or the end, is a 
resilient stream corridor.  
The resilience theory for social-ecological systems like stream corridors is well developed 
(Berkes & Folke 1998, Folke, et al., 2002, Lebel, et al., 2006), but operationalization of the 
same involves bringing together actors who operate at different scales of space, institution and 
time. Contemporary literature on governance for resilience makes a case for attributes like 
participation, polycentric institutions, cross-scale co-ordination, etc. (Lebel, et al., 2006; 
Wagenaar & Wilkinson, 2013). But further work needs to be done to clarify the relationship 
between these governance attributes and resilience. Such approaches are not perfect and 
come with their own issues. Do they make the stream corridor flood resilient? At what cost? 
Social-ecological systems like stream corridors are complex adaptive systems (Levin, et al., 
2012). Studying them in their entirety poses substantial challenges (Berkes & Folke, 1998). 
Thus, undertaking a case study based research with specific queries is an effective way to 
increase our understanding about these systems. 
Based on the flood resilience research, any characteristic that increases the flood resilience of 
a stream corridor usually does so by (1) increasing its adaptive capacity, (2) ensuring that the 
corridor is robust, (3) encouraging redundancy or by (4) promoting self-organization (Liao, 
2012; Berkes, 2007), among others (see Table 2, page  28). This research aims to find how 
this concept of flood resilience can be used as a framework to form governance structures for 
better management of flood risk in urban stream corridors. To build an explanation for this, the 
dissertation project endeavours to answer: 
(1) How the governance structure has changed in response to urbanization and increased 
flood risk in the urban stream corridor of Ramnadi, 
(2) How the governance attribute of public participation has contributed to flood resilience in 
this urban stream corridor, and 
(3) Which interventions are needed to make this urban stream corridor flood resilient. 
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A detailed elaboration of the research questions along with the associated hypotheses can be 
found in chapter 2.7 (page 44). 
A sound theoretical foundation of flood resilience and good governance through governance 
attributes like public participation can facilitate a qualitative study of governance structure in 
urban stream corridors. To undertake a study of this governance structure, the case of 
Ramnadi has been studied owing to its instructiveness, as has been explained in chapter 3.1.2 
(page 54). Given the developments that have taken place along the corridors of this stream 
over the past decade, the governance attribute that is of primary interest is public participation. 
Previous actions and their effects on flood resilience have been researched. Proposals for 
making the stream corridors flood resilient through changes in the governance structure have 
been made. The findings of the research will contribute not just to the theory of flood resilience 
and governance attributes (primarily public participation), but will also be useful for other urban 
stream corridors which face flash floods, and social-ecological systems in general.  
 Structure of the document 
In the first chapter, the background of the thesis has been introduced. Based on this 
background, the rationale and aims of the research have been formulated. From this, research 
questions and propositions have been formed. These have been drafted post the development 
of the theoretical and conceptual framework (chapter 2) and the study of the case (chapter 4 
and 5). 
Chapter 2 deals with the theoretical and conceptual background. It discusses the evolution of 
flood management practices (2.1) which has led to this dissertation’s outlook of viewing the 
stream corridor as a social-ecological system (2.2). It places the research phenomenon - floods 
in urban streams - in the superstructure of the two themes of governance and (flood) resilience 
(2.3 – 2.6). The concept of resilience has been explained in chapter 2.3. The similarities and 
differences (if any) in the outlook of resilience towards flood risk management and other 
concepts like holistic flood risk management, making space for the river and sustainability has 
been discussed in chapter 2.4. Chapter 2.5 brings us to the main theme of flood resilience. 
Chapter 2.6 discusses the other central theme of governance. The attributes of governance 
which are important from the perspective of resilience have been described here (2.6.1), as 
these attributes will be used to assess the governance structure in the case study areas. In 
chapter 2.6.3, the governance attribute of public participation has been further explained, given 
its significance in the case study. This leading classifications of participation, as proposed by 
Arnstein (1969) and International Association for Public Participation Canada (2015) have also 
been presented here. In chapter 2.2.1, a model of the stream corridor incorporating the 
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essence of the themes mentioned above is presented. This model depicts the factors which 
determine the flood outcome after the stimulus of a flood. The focus of this diagram (and of 
this research) is the governance structure which, through the act of governance, effects the 
processes which determine the resilience of the stream corridor to floods. Finally, based on 
the theoretical understanding, the research questions and hypotheses are presented. 
Chapter 3 is dedicated to the presentation of the research design and methods that will be 
employed to collect and analyse the data in order to answer the research questions. It explains 
the reason for adopting a case study approach (3.1.1). The physical and temporal boundary 
conditions are explained in chapter 3.1.3. The rationale behind selecting the particular cases 
is also presented (3.1.2). Based on the case, the research questions and the theoretical 
underpinnings, the data collection (3.2) and data analysis methods (3.3) that have been 
adopted have been explained here. 
Chapter 4 describes the social-ecological system of the Ramnadi corridor. The data in this 
chapter has been systematically presented in a holistic and structured manner. The format for 
the presentation of data adopted is the description of the journey along the Ramnadi from its 
source to its confluence with the Mutha. As the narration progresses along the river, a 
description of the catchment, the people and the stream corridor at various points is provided. 
Essentially, this chapter is a report on the Ramnadi which describes the changes that have 
taken place over the past decade and the current state. It sets up the background in which the 
governance structure of the Ramnadi corridor and the changes in it can be studied. 
Chapter 5 begins with the history of local governance in India. With this background, the current 
institutional framework for urban flood management in India is presented. Lastly, the cases of 
the Ramnadi and the Devnadi, two urban streams in Pune city are laid out in order to study 
how the existing governance structure fared in the face of floods and how it changed in 
response to the flood event. This chapter answers the first research question, that is, how the 
governance structure has changed in response to the flood events in the Ramnadi corridor. 
In chapter 6, the causal relationships between various governance actions are investigated in 
order to understand how certain actions affect the flood resilience of the Ramnadi corridor. 
These causal relationships have been represented on a causal loop diagram (à la Kidwai & 
Saraph (2016)) in order to capture the dynamics on one page and to understand the relevant 
nodes, linkages and feedback loops which make up the governance structure of the corridor. 
Based on the understanding derived out of the causal loop diagram, the importance of public 
participation for flood resilience has been explained by investigating two phenomena. First, the 
way in which public participation has increased flood resilience and second, the way in which 
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public participation has led to the promotion of other governance attributes (like accountability) 
which in turn have increased flood resilience. This chapter, by articulating the link between 
public participation and flood resilience, answers the second research question. 
The lessons that have been drawn from the study of the flood event in the Ramnadi and the 
governance dynamics in its corridor, on how participation can lead to flood resilience, have 
been presented in chapter 7. Based on this understanding, institutional recommendations have 
been made. Suggestions from interviewees made during the interviews and the validation 
workshop have been factored in while making these recommendations. The third research 
question, which asks what interventions are needed to make urban stream corridors flood 
resilient, is addressed in this chapter through the general recommendations for bringing about 
sustainable and resilience-infusing public participation in social-ecological systems and 
through the policy recommendations for social-ecological systems in India. 
Finally in chapter 8, first an overview has been given as to how this research was conducted 
and how the research questions got answered. Then, the key lessons emanating from this 
research which could benefit a larger audience have been presented. The contributions of this 
thesis to the theories of public participation, resilience and governance have been articulated. 
The limitations of the research have also been listed here. Finally, some avenues for research 
which would further expand the literature on the ideas discussed in this document have been 
pointed out.  
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To understand in concise, 
To explain concisely, 
Speaking to the point, 
This is the art of conversation. 
- Saint Tukaram (17th Century)
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The previous chapter provided an overview of the issue of urban flooding. The problem of 
flooding in urban stream corridors was introduced, especially in the context of India. Within this 
larger phenomenon, it was pointed out that the governance structures and responses to floods 
change depending on the size of the stream. Floods in smaller urban streams corridors are 
unlike floods in major urban river corridors and the response to them should reflect this reality 
in order to address them better. Thus, interventions need to be based on a sound 
understanding of the situation on ground. However, in order to develop an academic 
understanding of this reality and the responses, it is necessary to be acquainted with some 
concepts and theories which are presented in this chapter. Given that this research adopts a 
single case study approach and employs analytic generalization (see chapter 3.1.1), that is, 
generalization not to populations or a universe but to theoretical propositions, making the 
theoretical propositions clear is central to this research process. This is because statistical 
generalization from a single case study is fundamentally impossible, only analytic 
generalization from a single case study based on inferencing, is (Yin, 2009), and the quality of 
the inferencing is determined by the quality of the methods and the theoretical underpinnings. 
While concepts like social-ecological systems will aid in understanding the dynamics of the 
stream corridor, theories of flood risk management and governance will help in developing 
means to achieve the desired ends. Finally, the concept of resilience will aid in articulating 
these desired ends. These theories and concepts will be discussed in this chapter. 
The other objective of this chapter is to define the concepts in order to clarify their meaning in 
the context of this research. Most notions and concepts contain intangible elements. Thus 
there is a lack of a clear, accepted-across-the-board definition of them. This leads to individual 
researchers interpreting them in their own way, or adopting one interpretation which fits their 
research. Sometimes, two researchers might use the same term to imply fundamentally 
different ideas. For example, for Liao (2012) recovery means returning to a previous state, an 
attribute of engineering resilience, while for de Bruijn (2005) recovery means that the principal 
characteristics of the system are restored, not that there is a return to an exact previous state, 
which is an attribute of ecological resilience (this thesis subscribes to de Bruijn’s definition of 
recovery as in a social-ecological system like an urban stream corridor, the principal 
characteristics can be restored but a return to a previous state can’t be had). Hence to prevent 
misunderstanding or confusion, it is important to clarify the meaning of certain terms in the 
context of this work.  
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 Flood risk management  
According to the Flood Directive of the European Union1, ‘flood’ means the temporary covering 
by water of land not normally covered by water. Flood hazard is the the probability of 
occurrence of a potentially damaging phenomenon (ITC, n.d.), while flood vulnerability is the 
degree of loss resulting from the occurrence of the flood (ITC, n.d.). The damage from the flood 
event depends upon the vulnerability of the damaged. Flood risk is a product of flood 
vulnerability and flood hazard. Flood risk management includes the decisions and actions 
undertaken to analyse, assess and (to try to) reduce flood risk. It is the “holistic and continuous 
societal analysis, assessment and reduction of flood risk (FLOODsite, 2005; Schanze, et al., 
2005). 
 A brief overview of historical approaches towards flood risk management will help understand 
the reasoning behind prevelant flood risk management practices. As the nature of the relation 
between man and river changed, so did the flood risk management practices. Green, et al., 
(2000) describe four successive approaches that have been historically employed for flood risk 
management: 
- Indigenous flood adaptations: Here they refer to the communities which have indigenous 
knowledge (i.e. experiential knowledge which has been accumulated over generations) of 
flood risk management. These communities adopt various approaches like constructing 
houses on stilts, temporarily dismantling houses, etc. to protect themselves from floods. 
Although these measures are practically impossible to replicate in an urban environment, 
they do demonstrate the effectiveness of grass-root level flood risk management.  
- Stuctural measures of flood control and defence: These measures endeavour to create 
‘efficient’ rivers through large-scale engineering interventions. This was a response to, and 
the product of, the changes that were witnessed due to the industrial revolution. These 
measures have been mostly state driven. Unfortunately, these measures promote 
floodplain development and the breach of embankments might cause devastation on a 
large scale. Besides, it can also cause environmental degradation and may affect the lower 
riparian areas adversely. 
- Non-structural approaches: Owing to the eventual failure of structural approaches in 
many cases, there was a paradigm shift from making the river subservient to the urban 
landscape to making the public behave. Thus steps like land use zoning, higher insurance 
                                               
1  Directive 2007/60/EC Chapter 1 Article2. (eur-lex.europa.eu) 
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rates, evacuation were taken to ensure that the damage from floods is reduced. 
Indigeneous flood adaptation measures were also revisited. Making these approaches 
actually work proved to be a difficult task as they demanded a sort of reverse urbanization. 
- Holistic approaches: Structural and non-structural approaches have been very optimistic, 
as in they have aimed to reach a solution. Holistic approach is much more critical and 
acknowledges that floods cannot be avoided, and certain areas of land will flood. The 
language of ‘control’ is replaced by the language of ‘alleviation’ and ‘management’ 
(Williams, 1994). Emphasis is laid on wise use of floodplains, empowerment of local 
communities, reducing impact of humans on the environment, improving local response 
capacities and improving access to resources, among other things. 
In India, floods have traditionally been seen as unavoidable and a part of the natural order. 
Indigenous methods like construction of houses on stilts do exist, but these are seen mostly in 
the rural and tribal areas. Cities like Prayag, Kashi (Varanasi) and Pataliputra (Patna) were 
built along major rivers, but had high banks. Still, flooding has always been a harsh reality in 
India. The way the water bodies were treated underwent a paradigm shift during the British 
rule. Building of canals introduced the culture of structural approaches for water management. 
In modern times, emphasis was laid on dams and embankments. The first Prime Minister of 
India, Pandit Jawaharlal Nehru (1889–1964) initiated many dam projects. However, the 
drawbacks of such an approach are becoming apparent as flooding and scourging of rivers 
due to high discharge from dams during monsoons is a major reason for flooding in India, as 
it is in Pune. Furthermore, concretization of channels has also been done in many cases, which 
has resulted in greater flow rates and thus, raised flood risk downstream. Now, with floods and 
other water related disasters increasing, various actors are getting involved to solve the 
problems. A detailed account of flood risk governance in India has been provided in chapter 
5.2. 
2.1.1 Towards a systems approach 
Adopting holistic approaches can be seen as one of the first steps towards a systems thinking 
in flood management. Green, et al. (2000) contribute to this systems approach by pointing out 
that as impact of floods may be a symptom of the vulnerability of the population to a wide 
variety of threats, simple flood alleviation strategies (which aim to reduce just the flood hazard) 
might not achieve the desired results. In systems thinking, this would translate to analysing the 
various feedbacks which determine the vulnerability of a population. Studying feedbacks is 
integral to the study of systems as they can cause systems to behave counterintuitively. Thus, 
actions taken without factoring in these feedbacks may not be effective or may even backfire.  
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Some of these feedback loops can be classified into generic templates which give structural 
and behavioural insight into the dynamics of systems. These templates have been termed 
System archetypes by Peter Senge in his book, The Fifth Discipline: The Art and Practice of 
the Learning Organization (Senge, 2010). Some of these archetypes are Limits to Growth, 
Shifting the Burden, Tragedy of the Commons, Fixes that Fail, etc.   
There is a growing acknowledgement that such a systems approach must recognise both the 
human and ecological elements present within it which affect the dynamics and outcome of 
the flood event. Such systems have been termed as social-ecological systems (Berkes & 
Folke, 1998). Thus, when systems like river/stream basins and river/stream corridors are 
treated as social-ecological systems, the vulnerability as well as the hazard can be better 
addressed. 
 Social-ecological systems 
A system is as a set of interacting or interdependent components forming an integrated whole. 
According to the Systems theory, every system (e.g. a city or a stream corridor) is made up of 
sub-systems which are in turn made up of components. In most indigenous cultures, humans 
have always been considered as a part of the ecological system (i.e. the ecosystem) but that 
has changed, particularly since the industrial revolution. Many of the current issues that the 
cities face; issues like flooding, air and water pollution, waste accumulation, urban heat island 
effect, biodiversity loss; are a result of the inability of the social sub-system to acknowledge 
and respond appropriately to feedbacks from the environment. There has been a growing 
realization of this and hence the importance of the concept of social-ecological systems. 
Social-ecological system as defined by Berkes & Folke (1998) in their seminal book, ‘Linking 
Social and Ecological Systems’ denotes a system containing linked human and natural 
elements. The essential difference between this concept and related concepts like 
socioecological system, coupled human-environment systems and ecosocial systems is that it 
treats both these components with parity. Such systems are influenced (sometimes heavily) 
by human actions and thus the social sub-system plays an important role in determining the 
state of a SES. This social sub-system consists of various actors, ranging from local residents 
to elected representatives, who can modify the social, physical and institutional setup of the 
SES. 
2.2.1 The stream corridor as a social-ecological system 
The stream corridor is one such social-ecological system made up of sub-systems. The flood 
resilience of these sub-systems, in this case the social, physical and institutional, can be 
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increased through the use of the tools which operate within those sub-systems. Planners, 
decision-makers and communities can play an important role in increasing the resilience of 
each component of the stream corridor as they have the means to use these tools, ranging 
from zoning, infrastructure development to community engagement. Thus the structure and 
process through which power is shared between these actors are the governance structure 
and the governance processes. 
 
Figure 4: Dynamics of the Stream Corridor  
(Source: Based on DFID, 1999) 
The above diagram depicts a schematic of the interactions that shape the effects of, and 
response to, a flood event. It is not a comprehensive list of interactions; just the ones pertaining 
to the flood resilience issue. It shows how elements within the system are linked and how 
various factors affect the flood effects. Following is an explanation of the components that are 
present in the diagram. 
The social-ecological system 
The focus of the diagram is the social-ecological system of the stream corridor which is an 
open system. It interacts with the basin of the stream and beyond. Hence it is shown with a 
discontinuous border (as is the stream basin) to denote its openness to affect and be affected 
by other systems.  
In the above diagram, three different types of arrows have been shown to indicate various 
types of connections within this SES. (1) The high water discharge arrow denotes an external 
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influence on the stream corridor which comes from the basin. (2) The thin arrows shown in the 
stream corridor, however, denote that there is a relation but not a direct causality. A direct 
causality can’t be established, because by its very nature, a social-ecological system is 
complex and adaptive (Welsh, 2014). Hence it would be unwise to assume, for example, that 
the physical and ecological sub-systems of the stream corridor along with the governance 
structure are the only determinants of the processes that take place within the stream corridor, 
and that the exact ways they influence the processes can be found. This is because it is not 
possible to completely understand a social-ecological system because of the virtue of it being 
complex. (3) The third type of arrow is the one which shows the feedback loop from the flood 
effects to the governance structure. This arrow also represents the learning aspect. As this is 
often a conscious and manual process (the feedbacks have to be noted and measured, e.g., 
a flood may lead to destruction of habitat of a particular species, but this feedback needs to be 
noted and measured in order to elicit a response from the governance structure), it has been 
distinguished from the other arrows. Following is the description of the other elements in the 
diagram. 
High water discharge 
A water discharge above the normal levels in a water body is termed as a flood. However, in 
this case, the ‘high water discharge’ is used to denote the flow of water from the basin, which 
takes the form of flood once it enters the stream. Thus the high water discharge leads to 
flooding, which means that there is more water flowing in the stream than what it can handle. 
Thus, this external shock causes flooding in the stream corridor whose effect is determined by 
the dynamics of the stream corridor. 
The governance structure 
As depicted in the diagram, the governance structure is made up of the governmental structure 
(which consists of institutions like ward level offices, corporations and its departments, etc.), 
the private sector (made up of builder lobbies, developers, etc.) and the civil society (made up 
of citizens’ groups, NGOs, housing societies, Ganesh festival mandals, etc.) (based on Warner 
& Sullivan, 2004). These institutions operate at various scales (i.e. from stream corridor to 
basin, to even national). They play an important role in determining the stream corridor 
dynamics. For instance, institutions at the community level, like neighbourhood groups, can 
undertake tree plantation and bank maintenance exercises. Civic level institutions, like 
corporations and planning bodies, can decide the land use and byelaws along the stream. The 
Central and State governments, through institutions like the Ministry of Urban Development, 
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can fund and promote development work through schemes like JnNURM1. Hence, the 
governance structure box, which contains various institutions, has been shown intersecting the 
stream corridor, the stream basin and then extending beyond. Actors are a part of this 
governance structure who give these institutions life and are responsible for the manifestation 
of the prescriptions of these institutions. Actors, ranging from residents along the stream to 
civic authorities, can perform actions through these formal and informal institutions.  
Governance 
The governance structure effects the processes through the act of governance. For instance, 
the act of a citizens’ group (i.e. an institute in the governance structure) deciding to undertake 
a sapling planting exercise along a stream to prevent encroachment and repair the riparian 
ecosystem (i.e. forming a policy- a process of the system) is the act of governance. Thus any 
change in the system can be brought about through the governance mechanism. The 
governance mechanism, for instance, can be used to promote community engagement 
through the devolution of management rights and sharing of power. To ensure that the 
community engagement will be durable, social institutions (i.e. governance structures) too 
need to be created through this mechanism (Folke, et al., 2005).  
Governance is the sphere of public debate, partnership, interaction, dialogue and conflict 
entered into by local citizens and organizations and by local government (Evans, et al., 2013). 
Thus on one side we have the actors who are part of institutions, and on the other side are the 
result of these public debates, partnerships, interactions - which are the processes within the 
social-ecological system.  
Processes (within the social-ecological system) 
This governance structure (representing the social sub-system), along with the ecological 
component of the social-ecological system, shapes the processes that occur in a social-
ecological system like a stream corridor. These processes are the manifestation of the 
structures in a social-ecological system. They include laws (e.g., development control rules, 
bye-laws, court hearings). Also culture, which includes societal norms like tendency to adhere 
to rules and laws, sense of responsibility towards a shared space, respect for nature, power 
                                               
1 The Jawarharlal Nehru National Urban Renewal Mission of India is an initiative of the Ministry of Urban 
Development which focuses on improving the urban infrastructure and conditions of urban poor by 
providing funds for development, increasing the accountability of parastatal and urban local bodies and 
encouraging public participation (JnNURM- Overview, n.d.) 
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relations, etc. Culture also cannot be directly influenced through interventions. Policies also 
form a part of the processes. They form the canvas on which the actions of the public sector 
and its affiliates are drawn (These affiliates are the private entities who act on the directions of 
the public sector. E.g., construction firms who engage in building channels for streams, private 
surveyors, etc.). Various ecological processes like nutrient flows and biodiversity too, form a 
part of the processes. These processes determine the resilience of the social-ecological 
system to various disturbances- in this case, floods.  
Resilience (of the social-ecological system) 
The governance structure, and the processes determine the resilience of the social-ecological 
system. The governance structure, processes and flood effect are observable, measurable 
and quantifiable parts of the social-ecological system. Resilience on the other hand, at least in 
this case, is an intangible and unmeasurable quality of that system (notable exception being 
Bruijn (2004) who pioneered the quantification of resilience). This difference has been depicted 
in the diagram by showing the resilience and its characteristics in an ellipse, while the other 
elements mentioned above have been shown in rectangles.  
A comment on the resilience of the system can be made depending on (1) whether the system 
is robust and is able to buffer disturbances and stay in its “basin of attraction”, (2) whether the 
system can learn from this event and adapt in order to be better prepared for such an 
eventuality, (3) whether the system can self-organise in the face of disturbance to minimise 
the ill effects of the disaster and whether it can fix the damage without significant external help 
and, (4) whether there is redundancy in various parts of the system, by the virtue of which, the 
flood response capacity is distributed at various scales, thus minimizing the chances of total 
failure. These four factors have been elaborated upon in chapter 2.3.2. They determine the 
nature of the resulting flood. If the damage to the ecology, society and infrastructure is low, 
recovery is fast and institutions are able to learn from and adapt to the new realities, then one 
can rate the flood resilience as high and vice versa. More on resilience can be found in chapter 
2.3. 
Flood effects 
The flood effects can be both beneficial (like silt deposition) or destructive (like inundation, loss 
of habitat for species, economic damage and loss of lives). In urban environments, the effects 
of floods tend to be predominantly negative. Nevertheless, these effects also highlight the 
deficiencies of the stream corridor in the process. Addressing them can also benefit in other 
ways like better ecology, economic well-being, robust infrastructure, etc. But in order to learn 
from these flood effects, the feedbacks from them need to be noted. 
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Feedback loop 
Actors and institutions can draw lessons from this event (shown in the fig. by a feedback loop) 
and can make changes in the stream dynamics where needed. These lessons can be drawn 
from feedbacks which can be in the form of stakeholder grievances, physical indicators like 
high flood level, damage to infrastructure, etc. For an effective interpretation of feedbacks and 
successful implementation of proposals, a strong institutional and social setup to support the 
actors is needed. 
Thus, to sum up the diagram, when the stream corridor encounters a high water discharge 
from the basin, the social component (which includes the governance structure) and the 
ecological component (which includes the biological and physical components) is impacted. 
The extent of this impact, the capacity to recover from it and the rate of recovery depend on 
the resilience of the stream corridor. This resilience is a function of the processes which take 
place within the stream corridor. These processes are a product of the governance structure 
which exists in the context of the physical, social and ecological reality of the stream basin. 
Thus the resulting flood event is an outcome of the dynamics of the stream corridor. A comment 
on the flood resilience of the stream corridor can be made based on this event. 
  Resilience 
‘Resilience' is a terminology which has been used in medical science, materials engineering, 
psychology, and more recently in urban planning. By and large, the term implies a capacity to 
return to a previous state or recover post a deformation or disturbance. Holling pioneered the 
resilience concept in ecology by defining it as a measure of a system’s ability to absorb change 
and still persist by maintaining the concerned relationships within it (Holling, 1973). This was 
a paradigm shift from the earlier, engineering based definition of resilience, which was 
concerned with the ability of a system to return to a previous state (which Holling termed as 
stability). If a system is to survive change, it needs to adapt to changing environments. This 
process of incorporating change continuously gives rise to resilience (Holling, 1986).  
As defined by Walker, et al., (2004), resilience is “the capacity of a system to absorb 
disturbance and reorganize while undergoing change so as to still retain essentially the same 
function, structure, identity, and feedbacks—in other words, stay in the same basin of 
attraction”. Floods are essentially a disturbance. Based on the above definition, one can 
profess that if a system is modified to help it deal with floods better, it is more flood resilient.  
While dealing with flooding events, the resilience theory offers a framework within which a 
research design can be based. To make any measurements or comparisons in this  framework, 
the questions, resilience of what? and resilience to what? need to be answered (Carpenter, et 
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al., 2001). In the proposed research, it will be the resilience of the community in the stream 
corridor. Their resilience to flash floods in the stream will be studied. Another benefit of 
operating within the resilience framework is that it develops resilience thinking, thus helping 
the researcher “nurture an enriched and integrated understanding of human-nature 
interactions and cross-scale dynamics” (Gordon, et al., 2014). This ensures that the forest is 
not missed for the trees. 
2.3.1 From ecological resilience to social-ecological resilience 
Ecological resilience, as explained by (Holling, 1973), refers to the capacity of a system to stay 
in a basin of attraction. This essentially translates to the capacity (of the society or the 
ecosystem) to absorb disturbance. However, this concept seemed a bit narrow and was 
broadened by many researchers who deemed it fit to include the characteristics which 
influence the post disaster dynamics. Thus, not just robustness (which Anderies, et al. (2004) 
say is similar to resilience), but also the capacity to adapt by utilizing the opportunities that 
disturbance throws up, was included under this broader concept of social-ecological resilience. 
Also included, were the capacities to learn and self-organise (Carpenter, et al., 2001).   
The concept of resilience has found wide acceptance in the scientific community due to its 
applicability to the issues related to Social-Ecological Systems (SES) (see Folke, 2006) like 
stream corridors and river basins. This is primarily because resilience thinking resonates well 
with Complex Adaptive Systems (CAS), and social-ecological systems are essentially complex 
adaptive systems (Gunderson & Holling 2002; Welsh, 2014; Ostrom & Janssen, 2005). CAS 
are complex as they are path-dependent, i.e. it is not possible to return to a previous state and 
every decision leads to an alternate future. They are also adaptive, i.e. constantly evolving and 
self-organizing, through forces which might not be known but whose feedback can be noted. 
Thus, they are unpredictable. The concept of CAS is gaining prominence because it enables 
planners to take scientifically justified steps in an environment where all variables are not 
known, leave alone explained.  
Resilience is the attribute which increases the capacity of a complex adaptive system to cope 
with unforeseen events. Capacity to evolve (e.g. through adaptation) is the hallmark of a 
resilient system. In evolution, the aim of the game is to stay in the game. A resilient complex 
adaptive system has the ability to successfully evolve to meet the escalating challenges of 
climate change, urbanization and globalization, and hence is able to stay in the game. In 
current times, there is only so much that can be learnt from the past as urbanization and climate 
change have made extrapolation a difficult exercise. Besides, social-ecological systems are 
complex enough. Thus our knowledge of them and ability to predict future events is insufficient 
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(Berkes, 2007). Resilient systems are less dependent on predictions of disasters and rely more 
on developing coping mechanisms. Such systems are thus better suited to face the challenges 
posed by climate change and urbanization. 
But how can resilience be measured? How to profess whether a certain intervention has led 
to an increase in resilience or decrease? To make a comment on the resilience of a social-
ecological system, certain characteristics which determine resilience need to be defined. 
Different researchers have used their own terminologies to identify these characteristics. For 
instance, some mention self-organization, adaptive capacity and redundancy (Liao, 2012; 
Tompkins & Adger, 2004; Carpenter, et al., 2001).  Similarly, Berkes (2007) identifies four 
clusters of factors which are relevant for resilience building, namely: (1) learning to live with 
change and uncertainty (this resonates with adaptive capacity as mentioned by Liao (2012) 
above), (2) nurturing various types of ecological, social and political diversity for increasing 
options and reducing risks (resonates with redundancy), (3) increasing the range of knowledge 
for learning and problem-solving (i.e. increasing the general capacity to recover from 
disasters), and (4) creating opportunities for self-organization.  
In order to apply resilience in a real life context for usage as an evaluation criterion, it needs 
to be operationalized. To achieve this, the works of various authors have been stacked to arrive 
upon distinct characteristics of resilience which find an echo in all or most of them. Through 
this exercise, the aim is to get a wholesome grip on these characteristics in order to be in a 
position to explain how a certain intervention has/may affect these characteristics. It will 
facilitate the evaluation of interventions with (flood) resilience as the end objective. Following 
is an elaboration of these four characteristics.  
2.3.2 Characteristics of resilience 
Adaptive Capacity (Adaptive Cycle) 
The IPCC in its 3rd Assessment Report (Intergovernmental Panel on Climate Change, 
2001) defines adaptive capacity as the degree to which adjustments in practices, 
processes, or structures can moderate or offset the potential for damage or take 
advantage of opportunities created by a given change in climate. Adaptive capacity 
(AC) is defined as the ability of a governance system to first alter processes and if 
required convert structural elements as response to experienced or expected changes 
in the societal or natural environment (Pahl-Wostl, 2009). From these definitions, it is 
evident that AC is a broad, one might even say unclearly defined, concept. It describes 
paradigms crafted in political discourse and practice and is loaded with competing 
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understandings of its mission and underlying principles (adapted from Fritsch, 2016). 
However in research, there is a need to select an established understanding of a 
concept, elaborate it in light of the object of study, and carry on. This research 
understands AC as explained by Gain, et al., (2013). They identify the following five 
determinants of AC: 
1. A manageable natural and social system with few foreseeable thresholds and 
surprises;  
2. Adequate supply of resources, technologies, infrastructure, knowledge and skills 
that enables social actors to respond to evolving circumstances  
3. An effective innovation and capacity-building system based on adaptive cycles and 
experimentation of local and scientific knowledge  
4. A flexible decision-making system that enables local self-determination, while 
ensuring synergistic interventions and avoiding conflicting ones between scales  
5. Accessible participatory mechanisms that support fair exchange between social 
actors and encourage the sharing of resources and power. 
These determinants will be used in this study to evaluate the effect of changes in the 
governance structure on AC. As AC is a characteristic of resilience, these determinants 
will enable the researcher to link certain changes in the governance structure to 
resilience.  
According to Carpenter et al. (2001), Turner et al. (2003) and Tompkins & Adger (2004), 
adaptive capacity is a component of resilience that reflects the learning aspect that a 
system demonstrates when disturbed. Adaptive capacity can be increased through 
various adaptation strategies like urban planning and zoning to avoid climate related 
hazards, planning with an eye on demographic and consumption change in the long 
term, developing heavy infrastructure for adaptation (e.g., dams, water management 
facilities, rapid transit facilities), use of new technology, and plans for natural areas and 
ecosytem conservation (Adger, 2003). Lebel, et al. (2006) also use enhanced adaptive 
capacity as an indicator of increased resilience. However, Gallopín (2006) is of the view 
that the relation between adaptive capacity and resilience is unclear and resilience is a 
subset of adaptive capacity. For the purpose of this reseach, the takeaway from this 
inquiry is that an increase in adaptive capacity contributes to the resilience of social-
ecological systems. 
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Self-organization 
Self-organization is basically a process of evolution where the effect of the environment 
is minimal, i.e. where the development of new, complex structures takes place primarily 
in and through the system itself (Heyligen, 2009). Thus, such systems can organise 
and reorganise themselves. This property can be beneficial for resilience, as the 
capacity to organise and reorganise within the system posits the presence of internal 
feedbacks and responsiveness. Carpenter et al. (2001) view self organization as a core 
propoerty of a resilient system. Lebel, et al., (2006) say that the capacity to self-
organise increases a society’s ability to manage resilience. Self-organising systems are 
relatively insensitive to perturbations or errors, and have a strong capacity to restore 
themselves (Heylighen, 2001). Self-organization in the form of community-based 
management is instrumental in reducing vulnerability of the said community to hazards 
(Berkes & Folke, 1998). Self-organization also promotes the formation of social 
memory, which is important for linking past experiences with existing and proposed 
policies. Folke, et al. (2005) draw on the same logic to assert that self-organization also 
leads to the strenghtening of institutional memory. Thus, learning organizations are 
nurtured, which promotes adaptive co-management (Olsson, et al., 2004). This feeds 
again into the point that increase in the range of knowledge for learning increases the 
adaptive capacity (Berkes, 2007) and thus the resilience.  
Redundancy 
Self-organization also promotes redundancy. Heylighen (2001), while elaborating on 
the resilience of self-organised systems, mentions that one of the reasons for the 
tolerance of self-organised systems is the redundant, distributed organization. 
Redundancy is an established characteristic of ecological resilience (Peterson, et al., 
1998). An ecosystem which has several species performing similar tasks is more 
resilient than one in which that is not the case. A reason for decrease in redundancy is 
the application of command-and-control measures which endeavour to increase the 
predictibility and stability of systems (Holling & Meffe, 1996). Such approaches of flood 
risk management, referred to as flood control, have been found wanting, especially in 
the light of climate change and urbanization. A flood risk management system with 
redundancy would mean a system with wide range of measures for mitigation, 
preparedness, response and reorganization (Liao, 2012). However Folke, et al. (2005) 
do warn that redundancy might give rise to inefficiency due to high transaction costs, 
confusion and duplication of authority. 
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Robustness 
The final characteristic of a resilient system that will be addressed here is robustness. 
Robustness is defined as the capacity of a system to maintain a desired state despite 
fluctuations in the behaviour of its component parts or its environment (Anderies, et al., 
2004). In this sense, it is similar to the concept of ecological resilience, although an 
ecologically resilient system has a greater leeway and is considered resilient “as long 
as it doesn’t transgress an (ecological) threshold beyond which it loses to the ability to 
exhibit recovery” (Mumby, et al., 2014). Anderies, et al. (2013) say that robustness is 
similar to the concept of specified resilience, in which system boundaries are well 
defined. Some researchers have used the term directly in their work as a characteristic 
of resilience (Keating, et al., 2014), while some researchers have described 
characteristics of a resilient social-ecological system which can be described as 
robustness. For example, (Tompkins & Adger, 2004) say that the ability to buffer 
disturbance is a characteristic of resilience. Berkes (2007) points to “learning to live 
with change and uncertainty” as a characteristic of resilience which echoes the concept 
of robustness. Similarly, Carpenter, et al. (2001) say that the ability of a social-
ecological system to stay in the domain of attraction is a characteristic of its resilience.  
Thus, it can be seen that the concept of robustness is not as absolute as, say, self-
organization or redundancy and various researchers have their own takes on the 
similarities and differences between robustness and resilience and which is a 
component of what. Hence its interpretation in other works might differ from the one 
used in this research. In this research, robustness means the unwaveredness of a 
social-ecological system in face of change and uncertainty and is a characteristic of 
resilience. 
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(Source: own compilation) Table 2: Resilience characteristics in literature 
        Author 
 
Res. 
characteristic 
Berkes, 2007 
Keating, et al., 2014 
based on Cimellaro, et al., 
2010 (from Structure and 
Infrastructure Engineering) 
Carpenter, et al., 2001 
(Brian Walker is one of the 
authors) 
Low, et al., 
2003 
(Elinor Ostrom is 
one of the authors) 
Tompkins and 
Adger, 2004 
Robustness Learning to live with change and 
uncertainty 
Robustness The ability of an SES to stay in 
the domain of attraction 
 
Buffer disturbance 
Redundancy Nurturing various types of 
ecological, social and political 
diversity for increasing options and 
reducing risks  
Redundancy 
 
Redundancy 
 
Adaptive 
capacity 
Increasing the range of knowledge 
for learning and problem-solving  
Resourcefulness The adaptive capacity of an 
SES is related to the existence 
of mechanisms for the evolution 
of novelty or learning. 
 
Learn and adapt 
Self-
organization 
Creating opportunities for self-
organization 
 
The ability of an SES to self-
organize 
 
Self-organize 
  
Rapidity (the capacity to 
meet priorities and achieve 
goals in a timely manner in 
order to control losses, 
recover functionality and 
avoid future disruptions.) 
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 Resilience in the light of other prevalent concepts for flood risk 
management 
In this dissertation, achieving flood resilience is viewed as the end objective. But before 
accepting it as a justifiable aim, the basic concept of resilience needs to be measured up with 
other prevalent concepts of flood risk management. This needs to be done to check for any 
basic differences or points of contention, and also to highlight the congruence between these 
concepts and resilience. 
a. Holistic approach to flood risk management and Resilience 
The resilience concept compliments the holistic approach mentioned earlier in chapter 2.1. 
One might also say that the resilience concept has developed parallel to the holistic approach 
due to their genesis and growth in a research environment where limitations of human actions 
have been realized. In such holistic and system-wide approaches a symbiotic co-evolution 
between water and land-use is assumed (Odum, 1971). Such approaches are referred to 
differently, as “spatial water management”, “Adaptive water management” or “water 
governance” in countries like the Netherlands, France and Germany (Verkerk & van Buuren, 
2013). 
b. Making space for the river and Resilience 
Making space for river is conceptually aligned with flood resilience. Verkerk & van Buuren 
(2013), while speaking about space for the river mention the following building blocks which 
make the space for the river paradigm: 1. Managing a more equal relationship between man 
and nature, 2. Juxtaposition of holistic and local outlooks, 3. An integrated approach, 4. 
Interactive and participative process and 5. Anticipatory and proactive planning. These building 
blocks are also featured prominently in the flood resilience literature. For example, Schelfaut 
et al. (2011), while elaborationg on how to bring flood resilience into practice, mention the need 
for integrated flood risk management in order to make existing measures effective. This paper 
also stresses on the importance of public participation for resilience enhancement by pointing 
out the link between public participation and effective cross-scale coordination. Anticipatory 
and proactive planning becomes a necessity in dynamic environments, which a stream corridor 
is, given urbanization and climate change. These thoughts are echoed by de Bruijn (2005) 
when she speaks about how resilience is a desirable attribute in evolving landscapes like 
floodplains. Similarly, Liao (2012) mentions that a resilient built environment is fit for known 
river dynamics (anticipatory) and is also adjustable to changing boundary conditions 
(proactive), which leaves the resilient city in a perpetual “work in progress” state. Besides, the 
resilience concept is built around the social-ecological systems perspective, which is what is 
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implied in the first point mentioned above. When dealing with flood resilience, systems right 
from the floodplains to the catchment are viewed as social-ecological (Huitema , et al., 2009; 
Liao, 2012). Managing the man-nature relationship becomes a central theme.  
c. Sustainability and Resilience 
Now we zoom out a bit to include sustainability; a concept broader than the two above which, 
unlike them, can be applied to various systems- to households as well as to cities or regions 
and not just water bodies or basins. Sustainability, or sustainable development, has been 
discussed and developed for over 50 years. As defined by the World Commission on 
Environment and Development (1987), sustainable development is the development that 
meets the needs of the present without compromising the ability of future generations to meet 
their own needs. Berkes & Folke (1998) point out the close relation between resilience and 
sustainability in social-ecological systems.  Folke, et al., (2002) opine that resilience promotes 
flexibility and learning, and due to this virtue, a management that builds resilience can sustain 
social-ecological systems in the face of surprise, unpredictability, and complexity. Resilience 
(and robustness) is a tool for sustainability (Anderies, et al., 2013). Resilience provides a 
framework in which cross-scale interactions between systems can be studied, while 
sustainable development refers to the actions which are taken after considering these 
interactions. Thus, one can conclude that if sustainability is an end, resilience is a means to 
achieving it. 
 Flood Resilience 
Flood resilience has received due attention in academics (Liao, 2012; Schelfaut, et al., 2011; 
Zevenbergen, et al., 2008). Now, even leading bodies like the United States Environmental 
Protection Agency (EPA) and UNESCO are using the term in their policy documents. UNESCO 
has also set up a Flood Resilience chair group which aims to “cultivate flood resilience in 
urban communities and built-up areas”.  
The application of resilience concept to flood risk management introduces some major 
changes in the way floods are viewed and dealt with. This begins with the acknowledgement 
that floods are a natural and unavoidable (Bharwani et al., 2008), even a beneficial 
phenomenon. The argument shifts from preventing floods to coping with floods. This is a direct 
acknowledgement of Holling’s view that resilience, not stability is the desirable quality in an 
ecological system (Holling, 1973). Stabilizing a floodplain would entail making them inundation 
free. When these floodplains get inhabited, the inhabitants are highly vulnerable to floods as 
the flood prevention measures are bound to eventually fail. Acknowledging that resistance is 
futile paves the way for a resilience approach. 
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Another attribute of resilience is its capacity to view disaster as an opportunity for learning.  
Vale & Campanella (2005) elaborate on how San Francisco changed for the better after the 
earthquake of 1906. Learning from flood events can be termed as episodic learning which 
occurs when previous models or schemes are no longer tenable because of a single event or 
crisis (Gunderson, 2010), in this case, floods. Thus each episode of flood creates chances to 
learn from the experience. Structures and processes within the city can be changed as a result 
and the knowledge base can be widened. Thus diverse coping strategies can be accumulated 
over time  (Folke, 2006). This also ensures that the big floods do not hit that hard. On the other 
hand, flood control infrastructure successfully prevents most minor floods, but when the major 
floods strike, lessons are learnt, but at a cost (Liao, 2012). Also, people have a tendancy to 
forget about flood risk (Jha et al., 2012), and when it comes to rare but major floods, the lessons 
learnt might be forgotten before the next flood strikes.  
Floods are a natural phenomenon and the vulnerability of populations to them points at a much 
deeper problem which exists in these populations. Consequently, these populations might also 
be vulnerable to a host of other threats (Green, et al., 2000). Thus, instead of just introducing 
flood alleviation measures, measures to enhance the resilience of the affected communities 
should be introduced. This could mean introducing a better governance structure.  
The topic of flood resilience is relevant to diverse fields like Civil Engineering, Social Sciences 
and Economics to name a few. This research approaches the issue from an Urban Planning 
perspective along the lines of Long (2014) and Kaplan, et al. (2011) who treat the stream 
corridor with due regard to the human and natural systems which affect it; an approach in 
accordance with the social-ecological systems theory. 
2.5.1 Flood resistance vs flood resilience 
Flood resistance consists of the actions which prevent floods from occurring by insulating the 
river from the floodplains. Structural measures for flood control fall in this category. The aim of 
flood resistance is to ensure that potential flood waves pass through the city without damaging 
it. This poses two problems. First is, that structural measures have a threshold. This threshold 
gets broken to disastrous consequences (as seen during hurricane Katrina in New Orleans, 
2006). The other is that structural measures might just transfer the problem downstream. Such 
command-and-control management practices which go against the force of nature severely 
reduce the capacity of the society to adapt in time to changing environment (Holling & Meffe, 
1996; Holling, et al., 2002) and thus erode their flood resilience. Such measures tend to 
eventually fail, and when they do, they fail spectacularly. 
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Resilience concept takes a more realistic view by accepting the eventuality of floods. Setting 
its sights lower, it concentrates not on control but management. Flood resistance 
(characterized by flood control) is aiming too high, which means that you are bound to fail, 
especially when nature is the opposing force. 
 Governance 
“Today's water problems cannot be solved by science or technology alone. They are instead 
human problems of governance, policy, leadership, and social resilience.” 
- Stockholm Water Prize Committee, in the citation of the Stockholm 
Water Prize for Rajendra Singh, India’s Water Man. 
Governance is about power: who has it, who should have it, and what forms of power may be 
used for what purposes by whom (Green, 2010). It is not just a purview of the government but 
also of the citizens, private sector and non-profit organizations (Lebel, et al., 2006; Evans, et 
al., 2013). In fact, governance is seen as a departure from the strict hierarchical instutional 
arrangement of the state to an arrangement in which non-state actors, networks and markets 
play a major role. It has been defined holistically by the UNDP (1997) in the following words: 
“Governance is the exercise of political, economic and administrative authority in the 
management of a country’s affairs at all levels, and comprises the complex 
mechanisms, processes, and institutions through which citizens and groups 
articulate their interests, mediate their differences, and exercise their legal rights and 
obligations.” 
Governance, in the systems theory view, is a self-organizing system that emerges from the 
activities and exchanges of actors and institutions (Bevir, 2008). These actors and institutions 
make up the governance structure. This governance structure, assumes importance as it 
shapes individual and collective actions (Young, 1992). Thus, a study of governance (which 
includes laws, rules, deliberations, elections, protests, mediation and such decision-making 
processes) becomes necessary as the governance structure plays a key role in determining 
the capacity to manage resilience (Lebel, et al., 2006). 
However, one should be guarded from adopting a romanticised view of governance. 
Governance might not always result in a democratic and just setup in case certain actors abuse 
their power. Thus at least a regulatory or managerial role of the government is certainly justified 
and desirable. Thus, the idea of the government playing not a “rowing” role but a “steering” 
role in governance finds much support (Osborne & Gaebler, 1992). However, as non-state 
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actors are not elected, they are not accountable to the public. Managing them may thus involve 
dealing with issues concerning social and individual justice. 
The systems theory view of governance in social-ecological systems acknowledges that the 
State or any other single institution cannot be the sole governing authority. Various actors, 
networks and institutions operate in the space within this governance system which has its 
own mechanism. It is essentially a self-organised system, although distinction needs to be 
made between this self-organization and self-organization as a resilience characteristic (see 
page 26). Here, self-organization refers to known and unknown forces and connections which 
effect the governance. Self-organization as a resilience characteristic refers to the deliberate 
self-organization carried out by the actors in order to govern.  
2.6.1 Resilience building attributes of governance 
A governance structure has certain qualities, or attributes, and some of these are responsible 
for making the governed social-ecological system resilient. Studying these attributes can lead 
to a better understanding of the interventions that are needed for social-ecological resilience.  
As described in chapter 2.2.1, a resilient social-ecological system exhibits certain 
characteristics, namely robustness, redundancy, adaptive capacity and self-organization. If a 
causal relationship between certain governance attributes and these characteristics is found, 
the importance of those attributes in building resilience can be established. Lebel, et al. (2006) 
have studied the governance attributes in diverse case studies undertaken by the Resilience 
Alliance and have distilled specific resilience-building governance attributes from that body of 
work. These attributes are polycentricity, public participation and accountability. 
Another governance paradigm which is finding many takers in the resilience research universe 
is adaptive co-management. Contemporary literature (Olsson, et al., 2004; Plummer & 
Armitage, 2007) points towards a trend in which adaptive co-management is increasingly 
contributing to governance literature. Management of social-ecological systems is beset with 
many challenges due to climate change, urbanization and globalization (Berkes & Folke, 
1998). These challenges are addressed in literature on adaptive management and co-
management (Huitema , et al., 2009). Co-management is about user participation in decision 
making and linking communities and government managers. Adaptive management is about 
learning through experience in a scientific manner, while dealing with uncertainty (Armitage, 
et al., 2010). These two narratives have naturally evolved into the narrative of adaptive co-
management. 
Through adaptive co-management, local competencies and capacities can be used for 
achieving a stated objective. An example is the Joint Forest Management program launched 
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in 1990 in India, where the forestry revenues were shared with villagers in order to nudge the 
villagers to replant degraded areas and take care of the trees (Agarwal, 2001). Thus, the 
benefits and responsibilities were shared between the locals and government. There is merit 
to the idea of having similar arrangements for flood management. 
Although an interesting concept, adaptive co-management is relatively new, around which an 
idealized narrative has formed with little empirical evidence and even less evaluative 
experience (Plummer & Armitage, 2007). This gap prevents one from substantiating adaptive 
co-management; a gap which can be bridged through case studies like the one stated above 
and the one being undertaken in this research. 
Many prescriptions of governance literature in general and water governance literature in 
particular find an echo in adaptive co-management literature (Huitema , et al., 2009). Huitema, 
et al. (2009) also describe some resilience imparting institutional attributes of adaptive co-
management which find resonance in governance literature. These attributes are polycentric 
governance, public participation, bioregional approach and experimentation. A governance 
regime which displays these traits can be said to be adaptive co-management infused.  
Following is an elaboration of the traits that have been discussed above. The reflection of these 
traits in the governance of the selected stream corridors can be seen in chapter 3.1.2. 
Polycentric governance 
This implies a governance system with multiple centres of power. These centres may not 
necessarily be in a hierarchial order. In fact, absence of a hierarchy does not mean chaos. It 
leads to productive and innovative ways of organization (Ostrom, 2010). The jurisdictions of 
some institutions may overlap. Polycenric governance is not only more democratic, courtesy 
its power dispersal, but also makes practical sense as it ensures that people/communities who 
are best placed and capable of dealing with issues are empowered. Polycentric governance 
means greater institutional diversity. The institutional redundancy bodes well for system 
resilience. Also, institutes have the opportunity to learn from each other.  
There are some issues with a polycentric approach. For instance, redundancy can also mean 
less accountability. Due to the complexity of institutions, decision making can be a long drawn 
out process. Thus, although an honourable notion, implementing effective polycentric 
governance can be challenging. 
Public participation 
Public participation is a broad term which can be operationalized in various ways. In the barest 
of terms, it means involving the public in decision making. This can be achieved in various 
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ways: from something as passive as information supply (through flood warnings, risk 
communication, eduaction, etc.) – to consultations, focus groups and questionnaires – to 
actually giving the public management rights by giving them decision-making authority (Rowe 
& Frewer, 2000).  
More of this has been discussed later in this dissertation under the heading, “Special focus: 
Public participation” in chapter 2.6.3. 
Experimentation 
Experimentation is a reflection of the learning quality of adaptive co-management. It is 
considered as essential for the cultivation of resilience though bottom-up initiatives 
(Zevenbergen, et al., 2008). Management itself can be called as an experiment as not all 
information is available about the conditions and the expected results. This management can 
take different forms, like trying out different models or treating segments of the population 
differently. Unfortunately this, especially the latter approach, may pose ethical questions due 
to its discriminatory nature. However, experimentation (in the form of management) when done 
by relevant stakeholders, becomes a very democratic exercise, something that cold and 
calculated planning models cannot be. 
While a researcher might not be in a position to conduct an experiment, just viewing an 
executed management exercise as an experiment can serve the purpose well. This means not 
“setting up” an experiment, but just observing an existing setup. This is close to the concept of 
“quasi-experiments”, in which there is no differential treatment of control groups, basically 
because there are no control groups (Huitema , et al., 2009). These quasi-experimental 
designs are the ones’ in which the researcher does not have full control over the stimuli. He/she 
is more concerned with the measurement and observation of the responses to stimuli imposed 
by third parties (based on Campbell, et al.,1963). Polycentric governance provides a fertile 
ground for such experiments as various managing entities are trying various approaches.  
In stream corridors, experimentation can mean setting up a governance structure based on a 
polycentric model. Institutes can view the actions of themselves and other institutions as 
experiments and learn from these experiences. Such a setup will go a long way in promoting 
a management paradigm which adapts to suit itself to evolving circumstances. 
Bioregional perspective 
The focus on the bioregional perspective is a reflection of adaptive co-management’s 
“adaptive” credentials. The deciding factor is not the administrative boundaries, but the 
biological boundaries, which means that the management has to adapt to place specific 
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realities. In the case of rivers (or streams), this means management at the catchment level, 
refered to as “Integrated Water Resource Management” (IWRM), “Integrated Catchment 
Management” (ICM) or “river-basin appraoch”. Schlager & Blomquist (2000) point out that 
“Science can be more successfully integrated into policy making when policy making is 
organized at the scale that science recognizes as appropriate”. They mention how, for river 
basins, adopting a bioregional perspective in the true sense can be possible by having a basin-
level administration (a “strong” approach). An effective method could also be the collaboration 
of existing administering entities (a “weak” approach).  
Accountability 
This is an attribute of the government, in particular the civil authorities and elected 
representatives. The argument put forward by Lebel, et al. (2006) is that just and accountable 
authorities ensure social justice to even the most vulnerable members of the society. While 
this is in itself a desirable and noble outcome, it has positive effects on social-ecological 
resilience too as these socially vulnerable groups are often dependent on, and contribute to, 
the resilience of social-ecological systems. Vishal Narain argues that lack of accountability is 
a critical lacuna in the governance structure of India’s water resources. His paper (Narain, 
2000) makes a case for reforming bureaucracy by linking performance with rewards and 
improving coordination.  
Accountability should be both upward and downward, that is to the higher ups and to lower 
rung or beneficiaries, respectively. This limits the possibility of empowered individuals misusing 
power and resources. It becomes especially important as more autonomy is given to local 
bodies and lack of it can have severe implications on climate resilience and resilience of the 
most vulnerable, as seen by Tanner, et al. (2009) in their paper studying cases in ten Asian 
cities. Accountable authorities can, through the empowerment of the groups exposed to 
hazards, increase the adaptive capacity of the system which in turn will increase its resilience.  
2.6.2 The Resilience characteristics vs. Governance attributes matrix 
Given the background of chapter 2.3.2 (Characteristics of resilience) and chapter 2.6.1 
(Resilience building attributes of governance), there are twenty ways in which governance 
attributes can contribute directly to increasing the resilience of a given social-ecological 
system. For the sake of this research, the investigation has been narrowed down to the 
relationship between public participation and resilience as this is what has been most 
pronounced in the Ramnadi corridor. Hence, this investigation is focused on the four 
relationships marked with an ‘x’ in Table 3.  
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         Gov. 
             Att. 
Res. 
  Char. 
Polycentricit
y 
Public 
participatio
n 
Experimentatio
n 
Bioregional 
perspectiv
e 
Accountabilit
y 
Adaptive 
capacity 
 x    
Self-
organization 
 x    
Redundancy  x    
Robustness  x    
Table 3: Resilience characteristics vs. Governance Attributes matrix 
(Note: Boxes marked with ‘x’ denote the relationships which will be studied in this thesis) 
However, the additional possibility for a governance attribute to affect resilience characteristics 
by affecting other governance attributes has been hypothesized in this work. For example, 
greater participation can lead to greater accountability which could lead to an increase in any 
four of the resilience characteristics. This gives rise to a total of sixty four (64) ways, that too 
just at the second order of complexity. At the third order, that is, a governance attribute 
affecting another, which in turn affects another, which finally affects a resilience characteristic, 
the total paths for investigation increase to three hundred and twenty (320) at the third order 
plus the sixty four at the second along with the twenty at the first, which is a total of four hundred 
and four (404). One can go on. 
It is an overwhelming task for any research to cater to the 20 relationships, let alone the 404. 
However, these relationships do exist and need to be acknowledged when encountered. Thus, 
while the focus of this research will be the four relationships mentioned above, any other higher 
order relationships that are encountered will be depicted and described for the sake of the 
hypothesis. Besides, the causal loop diagram which has been used to depict these 
relationships can show only relationships upto the second order. Further elaboration on these 
second order relationships, however, will be left for future research.  
Finally, it is important to reiterate that the resilience concept or the abovementioned 
governance attributes should not be seen as a panacea to all problems. They are just, given 
the rapidly evolving world, very safe and wise ways of going about planning the future. 
2.6.3 Special focus: Public participation 
Looking at the developments that have taken place as a reaction to the heightened flood risk 
along the Ramnadi and Devnadi in Pune, the governance attribute of public participation has 
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occupied centrestage. Public participation has even been instrumental in promoting other 
governance attributes, like polycentricity and accountability in these cases, as has been 
elaborated upon later in chapter 6.3. Public participation is a sometimes underutilized, yet vital 
component of state of the art flood management approaches like the Water Framework 
Directive (WWF/GWP, 2001) of the European Union. This research is a humble attempt to 
shine some much needed light on the way public participation can lead to flood resilience.  
Public participation is the process by which public concerns, needs, and values are 
incorporated into governmental and corporate decision making (Creighton, 2005). It is 
increasingly being seen as a fundamental component of democracy. This is because in modern 
democracies, the decisions are taken by bureaucrats who are not elected through adult 
franchise. Public participation creates a direct link between the public and the decision making 
bureaucrats (Creighton, 2005). On the one hand, it gives the public a say in the decisions 
affecting their lives while on the other hand, it helps the bureaucrats resolve outstanding 
issues. Public participation is imbibed in the governmental decision making process in most of 
the western world. The Aarhus Convention (The United Nations Economic Commission for 
Europe (UNECE) Convention on Access to Information, Public Participation in Decision-
Making and Access to Justice in Environmental Matters) was adopted on 25 June 1998. It 
gives the public the right to access environmental information, the right to participate in the 
decision making and the right to challenge public decisions made without due procedure. In 
the USA too, public participation in environment related decision making has been secured 
through various procedural requirements since the 70s.  
Similar developments have occurred in India too. The Right To Information (RTI) act, 2005 
enables the public to access all governmental information and ask for clarifications as long as 
it doesn’t compromise national security. Participation in decision making has also been 
facilitated in the procedures for City Development Plans (CDPs) and other governmental 
development schemes like JnNURM in which the authorities are obliged to disclose the plans 
well in advance in order to receive objections and suggestions. The final plans have to satisfy 
any issues raised during the public consultation process. However, this is one form of 
participation. Whether it is enough and whether it is in the right form is up for debate. This 
research endeavours to contribute to this discussion. 
Public participation in flood management 
The stream ecosystem is strongly linked to its catchment and responds acutely to any changes 
in land use, population, pollution, etc. In turn, the quality of life of the people in the surrounding 
catchment also gets affected as the physical/ biological/ chemical characteristics of the stream 
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change. One can affect the other adversely or beneficially. Conventional planning has a top-
down approach which relies upon city development plans, zoning, engineered solutions, etc. 
This approach has been criticized by leading theorists like Jane Jacobs (Jacobs, 1961). She 
advocates for more place specific planning, which she describes as an ordinary but 
fundamental human activity that sustains communities. Top-down approaches often ignore 
local capacities, do not address local needs and can sometimes increase peoples’ vulnerability 
(Abarquez & Murshed, 2004). Engaging the community, on the other hand, gives scope to 
different actors to intervene at the necessary levels.  
The Water Framework Directive (WFD) of the European Union, in article 14 states that its 
success “relies on close cooperation and coherent action at Community, Member State and 
local level as well as on information, consultation and involvement of the public, including 
users” (European Commission, 2000). Similarly, the Floods Directive of the EU calls for “active 
involvement of interested parties in the production, review and updating of the flood risk 
management plans” (European Commission, 2007). 
Long (2014), while speaking about managing flood hazards says that, “because they emerge 
from the regulated community and culture, locally designed, funded, and implemented (flood) 
conservation projects may have a higher likelihood of achieving both (ecological and cultural) 
measures of success over a long term, compared to larger scale projects. These local efforts 
are more likely to promote a resilient place”. Community-based measures also encourage a 
sense of ownership which is beneficial for management of public spaces like stream corridors1. 
This argument is also backed by the Defensible Space Theory2 which suggests that when 
residents feel that they control a place, they feel responsible for it. Organizations like the World 
Bank also advocate for adopting such approaches to manage floods (Jha, et al., 2012). 
Community engagement is one of the prescriptions of public participation which also includes 
consensus building, debates, etc. Another potential prescription for the management of the 
stream corridor for flood resilience is the adoption of Polycentric approach towards water 
governance, i.e. sharing of power between institutions having overlapping jurisdictions and 
which are not in a strict hierarchical position. Both, Lebel, et al. (2006) and Huitema, et al. 
                                               
1 “Where people feel a sense of ownership in their cities, they are more likely to take better care of the 
common environment and of themselves” (Project for Public Spaces,Inc., 2012). 
2 As Oscar Newman says, “All Defensible Space programs have a common purpose: They restructure 
the physical layout of communities to allow residents to control the areas around their homes.” 
(Newman, 1996) 
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(2009) talk about this approach, but Huitema is concerned about the transaction costs that 
may have to be incurred due to the need for co-ordination between different bodies and also 
about the lack of accountability (responsibility) being an issue. Water governance research 
also points towards the importance of having a bio-regional perspective by having basin-level 
governance (sometimes referred to as integrated water resource management). Flood control 
is one of its major objectives, although the focus is on the primary river in a basin. There is 
scope for participation in these various approaches. It remains to be seen whether their 
prescriptions are being implemented in the case of Ramnadi and Devnadi and whether such 
approaches will benefit them. 
The spectrum of participation 
Even a cursory glance at some examples 
of public participation will be enough to 
make one realise that participation can be 
of various types. Participation can be 
through institutional means (for example, 
though neighbourhood committees, 
representation in local bodies, etc.) or 
through actions which fall outside the 
ambit of formal institutions (like through 
agitations, activism, etc.). While this 
research will look at all kinds of 
participation in the study areas, the focus 
of propositions emanating from this 
research will be towards suggesting 
institutional alternatives. Thus it is 
important to study institutional means of 
participation.  
The public can be institutionally engaged 
by the government at various levels. Thus 
it follows that there is a certain verticality in participation and the public’s position along this 
vertical space is determined by the extent of power and control that is given to it. Attempts 
have been made to study this spectrum in order to better understand the various types of public 
participation at our disposal. Here we discuss two noteworthy attempts: (1) Sherry R. Arnstein’s 
Figure 5: French student 
poster.  
In English,  
"I participate, 
you participate, 
he participates, 
we participate, 
you participate... 
they profit." 
(Source: Arnstein, 1969. 
From http://lithgow-schmidt.dk/) 
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Ladder of Citizen Participation and (2) the Public Participation Spectrum by the International 
Association for Public Participation (IAP2), Canada. 
A ladder of citizen participation 
The ladder of citizen participation is a product of Arnstein’s first-hand experiences with the 
neighbourhoods in the USA in the eventful 1960s. Her strong liberal views have been reflected 
in her critique of the rungs in the ladder. The eight broad rungs are grouped into three broader 
categories: non-participation, tokenism and citizen power. Following are the eight rungs: 
1. Manipulation: This is 
essentially participation in 
which selected citizens are 
placed on rubberstamp 
committees and are 
conditioned, coached and 
coaxed. The only aim is to 
get their support for the 
proposed schemes, not their 
inputs. 
2. Therapy: This type of 
approach comes out of the 
belief that the reasons for 
citizens’ angst is 
psychological and not due to 
inadequacies or mistakes of 
the state. Such citizens are 
counselled or are put into 
group therapy. Their 
concerns and grievances, which could very well be genuine, are ignored. Arnstein 
comes down heavily on such approaches calling them “dishonest and arrogant”. 
3. Informing: Entails informing the citizens of their rights, responsibilities and options. 
Although this is the first step towards legitimate participation, it is often a one-way flow 
in which feedback from citizens is not collected by the authorities. In an absence of 
feedback and power of negotiation, the capacity to influence the outcomes is limited. 
4. Consultation: This includes methods like public meetings, public hearings and 
surveys. Arnstein is critical of this approach too, and calls it a “window-dressing ritual” 
Figure 6: Eight rungs on a ladder of citizen participation
(Source: Arnstein, 1969) 
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as there is no guarantee that citizens’ concerns and ideas will be considered. Thus 
there is risk of the consultation exercise just being a formality. 
5. Placation: In this form of participation, the citizen do have a place in the group that 
makes decisions, but their voice is not strong enough to matter. For example, 
handpicked citizens can be given votes, but less than the minimum required for 
influencing decisions and without veto power.  
6. Partnership: Here, there is a genuine distribution of power. All involved parties 
including the citizens get a share of the planning and decision-making responsibilities. 
The power sharing arrangement is robust and not subject to unilateral change. This 
kind of participation is where citizens can bargain courtesy their control on certain 
finances (they can pay their representative and thus make them accountable) and 
hiring and firing powers.  
7. Delegated power: Citizens can have the dominant decision making power and can 
override the authorities. Bargaining and negotiating is done by the government and not 
the citizens. 
8. Citizen control: Entire institutions, programmes and neighbourhoods can be controlled 
by citizens- of course, within a framework. Citizens can be made in charge of planning, 
policy making and management. The government’s job is limited to providing the 
framework, guidance and expert assistance. 
IAP2’s Public Participation Spectrum 
The International Association for Public Participation’s (IAP2’s) spectrum is similar to the one 
presented by Arnstein, although it excludes the “non-participation” rungs from its visible 
wavelengths. Following are its components: 
1. Inform and 2. Consult are similar to the ones’ presented by Arnstein. 
3. Involve: To get the public’s feedback throughout the process to ensure a continuous 
consideration of the public’s concerns. 
4. Collaborate: Here there is a partnership with the public in which it is approached for 
advice and recommendations. Public is roped in to develop alternatives and to 
identify preferred solutions. 
5. Empower: Final decisions to be taken by the public. The task of the authorities is 
limited to implementation. 
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Figure 7: The public participation spectrum 
(Source: International Association for Public Participation Canada (2015). Reproduced with permission) 
Usage of the spectrum 
In reality, as Arnstein admits, there might be even 150 rungs of participation. Eight (or five in 
the classification by IAPP) is just a simplification. Also, two monolithic blocks of Public and 
Government do not exist. There is usually an element of fluidity. Thus using any of the 
classifications above, either directly or through modifications would be unwise. Also, this 
classification is purely of measures which can be legislated. For example, public participation 
through measures like strikes/ rioting/ protests has not been accounted for here. This is 
because this classification is not of all the participation measures that exist, but only of those 
which can be a part of public policy. Thus, instead of just being used to articulate existing types 
of participation, this classification has been used as a helping tool to propose participation 
measures. Thus, participation-based measures that have been suggested are based on the 
study of participation, the evaluation of the capacities of actors and on the theory of 
participation discussed above.  
2. Theoretical and Conceptual Framework 
44 
 
 Research Questions 
Based on the cases and the theory presented above, certain research questions have been 
raised with the aim of furthering the understanding of the relations between certain governance 
attributes - in particular public participation - and flood resilience. They are as follows. 
1. How has the governance structure changed in response to flood events and 
increased flood risk in the urban stream corridors of Ramnadi? 
Hypothesis: Flood events act as drivers for bringing about changes in the governance 
structure. 
This will be a temporal study of the changes that have taken place in and around the stream 
corridors over the past decade, especially before and after the flood event. The way various 
actors and institutes have reacted to urbanization and flood risk will be studied. Especially, the 
shifts in the awareness and participation of the public will be examined. 
2. How has Public Participation, as has manifested in this changing governance 
structure, contributed to flood resilience in these stream corridors? 
Hypothesis: Public participation contributes to flood resilience not just directly but also 
indirectly, through the promotion of other governance attributes. 
Public participation, a governance attribute, may contribute to flood resilience in various ways, 
as can other governance attributes which have been mentioned in section 2.4. However, in the 
study area, public participation has been very pronounced. In fact, public participation has even 
led to the promotion of other governance attributes like accountability and polycentricity. The 
ways in which this has contributed to flood resilience will be studied. 
3. Which interventions are needed to make these urban stream corridors flood 
resilient? 
Hypothesis: Continuous public participation is necessary to make urban stream 
corridors flood resilient.  
In a modern democracy, involving the public in the decision-making process is not just fair, it 
could also be imperative for resilience. The proposition is that any intervention which will make 
the stream corridor flood resilient will be based on participation. While this participation will 
have to be case specific, based on local requirements and capacities, an institutional setup 
which delivers the required level of participation at any given time needs to be put in place 
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(leading to, what is referred to in this thesis as continuous participation) in order to maintain 
the stream corridor and to anticipate and respond swiftly to threats; in other words, make it 
resilient. 
 Conclusions from the theoretical and conceptual study 
This chapter has shown how flood risk management practices have evolved over the years. 
The treatment of stream or river corridors as social-ecological systems sits well with the 
lessons that have been learned from the various stages of flood risk management. With this in 
background, the desired state of a flood resilient stream corridor has been articulated. This 
has been done by operationalizing the concept of resilience. Governance has been presented 
as a tool for making the stream corridors flood resilient. Its resilience building attributes have 
been discussed with special focus on the attribute of public participation. 
A research can contribute to the development of its field by supporting a theory, rejecting a 
theory or forming a new theory. The theoretical background and foundation for this research 
that has been provided in this chapter has been revisited at the end of this research to reflect 
on how the results of this research support or reject parts of it and what new theory has been 
propounded. 
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यानमुानागमाः माणािन ॥७॥ 
- पातंजलयोगसूािण, समािधपाद 
 
 
 
 
 
 
Valid cognition is based on perception, 
inference and testimony. 
 
- Patanjali’s Yoga Sutras, Samādhi 
Pāda, aphorism 7 
 
The sage Patanjali, the father of Yoga, like any philosopher worth his salt, clarifies in this 
aphorism, the epistemological basis for the philosophy expounded by him in his treatise on 
Yoga; an epistemology to which this research subscribes and which is explained for the most 
part in this chapter. The sub-chapter on data collection explains what was perceived (य - 
pratyakṣā) and how. The sub-chapter on data analysis explains how the inferences (अनुमान - 
anumāna) were drawn. As far as testimony (आगमः - āgamaḥ) is concerned, it’s acceptance 
as a valid source of knowledge is reflected through the works that have been cited in this 
research, the overview of which can be had by going through the list of references. 
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For a research project, a research design is the plan which guides the researcher from the 
research questions to the conclusion. It guides the researcher in matters of what questions to 
study, what data are relevant, what data to collect and how to analyse the result (Philliber, et 
al., 1980). The following chapter is dedicated to the detailed elaboration of the plan which the 
researcher will undertake to answer the questions raised in this research. This has been 
explained here to make the research process transparent and examinable (examination for the 
purpose of studying how logical the research process is when it comes to answering the 
research questions). However, is it pertinent to point out that over the course of this research, 
the methods have evolved based on the feedback from peers, continuous literature study and 
the emergence of new realities, especially after the site visit. 
In this chapter, the reason for choosing a case study approach will be explained. The research 
adopts a qualitative approach, and as one goes through the research design, the logic behind 
adopting it will be apparent. Furthermore, the interview process (from selection of interviewees 
to analysis) and the data collection methods will also be explained.  
 Overall research design 
This research is concerned with studying and explaining a presumed causal link; the one 
between flood resilience of urban stream corridors and certain governance attributes of the 
governance structure, primarily public participation. The phenomenon under study is flooding. 
In order to research this phenomenon, the developments along the Ramnadi that have 
occurred in the course of urbanization and changes in the governance structure in response 
to the flood event of 2010 were studied. In order to learn from this event, the methods 
mentioned in chapter 3.2 and 3.3 were employed. Although the same method was used for 
both the Ramnadi and another rivulet in its vicinity, the Devnadi, it didn’t lead to doubling of 
efforts. This is because the Devnadi flows through the Baner ward through which the Ramnadi 
also flows too. Thus, as a sizeable proportion of data and interviewees accounted for both the 
urban streams. The people living along the Ramnadi and Devnadi are demographically alike, 
with similar lifestyle types, income groups and education levels. However, due to the flood of 
2010, a greater size and greater participation, this research views the Ramnadi as the primary 
case and the Devnadi case is viewed as supplementary. Hence just the Ramnadi has been 
mentioned in the title of this thesis. 
The first research question led to the study of the changes in the governance structure in the 
case study area. It resulted in an observation of how certain governance attributes, primarily 
public participation, were introduced to deal with flood events. Through the second research 
question, the ways in which these governance attributes contributed to flood resilience were 
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understood. Based on this, the governance structure was analysed and suggestions for its 
remodelling were made. These suggestions formed the response to the third research 
question. These suggestions were vetted through a validation process in which the proposals 
were presented to the experts, locals and the authorities interviewed during the first site visit. 
This was done primarily online through interviews via telephone and skype. Ways to 
institutionalize these measures were proposed in order to further enhance their analytic 
generalizability (explanation of analytic generalization can be found on page 52). 
The overall approach of this research is explanatory. The answer of the first research question 
is descriptive while the next two research questions have an explanatory answer. The 
methodology is qualitative. The first research question was answered after the initial site visit. 
For the second research question, work had already started before the site visit as far as the 
second half, i.e. the flood resilience literature related research was concerned. It was answered 
in its entirety only after the first research question was answered. Finally, after the validation 
process, which was a drawn out and iterative process involving contacting the respondents 
multiple times, the third question was answered.  
The study has been limited to the physical, social and institutional sub-system of the selected 
stream corridors. This is because the problems which this research is concerned with (i.e. 
governance related issues) have occurred due to disturbances within these three sub-systems, 
and the proposals which have been made are also for these sub-systems. 
In order to study the physical sub-system, Landuse, Floodline, Cadastre and Total Station 
maps have been used to mark the areas which get flooded, the types of buildings 
(unauthorized/authorized, risk level based on flood damage) and environmental and legal 
issues along the stream (concretization, encroachment). “Do demarcations of plots exist?” 
“Who owns the land along the stream?” Such questions have also been answered through the 
study of the physical sub-system. 
The social sub-system has been studied by interviewing citizens who have been affected by 
floods and have participated in past agitations against deterioration of stream corridors. For 
instance, Dandekar (2011) mentions the members of the civil society who have been active 
during the protests against encroachment on the Ramnadi corridor. Interviews were conducted 
not just to get their opinions, but also to assess their capacities/interest for participating in flood 
resilience exercises. Social activists and other non-governmental actors were also interviewed. 
Questions like, “How were you affected?”, “Why did you agitate?”, “What actions did you take 
to check floods?”, “How do you view the city administration and the existing guidelines?” were 
asked. Interviews were also utilized to gain information on the role played by economic 
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condition and social status in aggravating/mitigating the effects of floods. For this, the means 
adopted by the locals for recovery, their speed and efficacy were studied.  Further details of 
the interviewing process have been provided in chapter 3.2.2. 
The institutional sub-system (some elements of which lie within the social sub-system) has 
been studied by noting the status of the streams and the areas surrounding it in various 
documents and maps like the city bye-laws and development plans. The role of NGOs who 
have worked for causes related to the maintenance of streams (e.g. Jal Biradri has been active 
in the case of Ramnadi) have been studied through interviews and reports. Authorities from 
the municipal corporation have also been interviewed to get their interpretation of the situation. 
Diagrams of the governance structure before and after the 2010 flood event (in 2010 and 2016) 
have been drawn. This, along with the causal loop diagram of the governance structure, has 
helped in articulating the effects that changes in the governance structure have had on the 
flood resilience of the stream corridor. The roles of institutions have been studied through 
policy documents, guidelines, development plans, laws and court orders which pertain to those 
institutions. Following are some of the documents which have been referred: 
1. National Disaster Management Guidelines: Management of Urban Flooding 
(September, 2010) 
2. National River Policy (by Rajendra Singh) produced by Tarun Bharat Sangh/ Jal Biradri 
3. Draft Development Plan for Old Pune City (2007 -2027), Published u/s 26(1) of MR&TP 
Act 1966 
4. Revised City Development Plan for Pune – 2041 
5. National Green Tribunal orders dated 15th July 2015 and August 18th 2015 
6. Draft of National River Conservation Bill, 2015 by Dr. Anupam Saraph 
The first two research questions were answered after the first site visit and interviews. The 
answer of these questions constitutes the body of the dissertation. Based on these findings, 
recommendations have been drawn. These recommendations have been vetted with the 
actors who have been interviewed before and necessary modifications have been done. In this 
manner, the third research question has been answered. The discussion and conclusion that 
follows constitutes comments on implications of the findings on academic and practice-based 
literature on flood resilience, governance and public participation. 
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Author & Year Title Methods 
(Methods shown in bold have been used in the 
dissertation) 
Butler (2008) Flooding as a Form of 
Risk  
• Semi-structured interviews 
• Document analysis 
• Observation 
Venton (2008)
  
Methods of enhancing the 
sustainability and scale of 
community based disaster 
risk management  
• Semi-structured interviews 
• Participant observation 
• Questionnaires 
Alexia Rogers-
Wright (2013) 
Rethinking the spaces and 
institutions of flood 
governance 
• Interviews 
• Participant observation 
• Policy analysis 
Sebastiaan 
VAN HERK 
(2014) 
Delivering Integrated 
Flood Risk Management: 
Governance for 
collaboration, learning 
and adaptation 
 
• Stakeholders workshop 
• Semi-structured interviews 
• Questionnaires 
• Observation 
• Content analysis 
• Validation workshop 
Table 4: Dissertations on similar topics and their research methods 
3.1.1 The case study approach 
There are two main reasons for choosing the case study method for this research. Firstly, this 
thesis researches a phenomenon with sparse availability of data. Floods in urban streams have 
been addressed by governmental bodies like the National Disaster Management Authority 
(NDMA) and some NGOs, but there is not sufficient data for specific cases or events. Research 
on local-level actions and capacities in the context of urban stream floods is scarce or absent, 
especially in the Indian context. This limits the application of historical or survey-based 
research methods. The case study method has been chosen for this research as it offers the 
researcher the possibility of collecting different kinds of evidences like interviews, documents 
and primary data (photos, observations, self-prepared maps). These evidences have been 
triangulated. This makes for a stronger and trustworthy qualitative study (Given, 2008). 
Triangulation has been primarily used to substantiate the findings from interviews by cross-
checking them with other evidences. 
Secondly, flood is an event which cannot be manipulated by the researcher, nor can all the 
variables be simulated to the required degree. Hence methods like gaming, modelling and 
simulation cannot be applied. This calls for a research method based on observation. For such 
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an investigation, a case study research is well suited. The case study method enables a 
researcher to undertake a study in a real life context. Here, the real life context is an urban 
stream corridor which faces flood risk. The case study method is appropriate for this research 
as it is particularly suited to answer the “how?” and “why?” research questions, which are 
explanatory in nature (Yin, 2009). 
Analytic Generalization 
There are essentially two ways of knowing; a priori and posteriori. Immanuel Kant, in his first 
book, ‘The Critique of Pure Reason’, successfully argued that certain propositions and rules 
can be proven posteriori, that is upon observation of phenomenon in this world of space and 
time, whereas certain other propositions and rules can be proven a priori, that is through pure 
reason and without any empirical data. Rules, be they of nature or of ethics, are general. Thus 
it follows that generalization is possible using these means of knowledge. Many scientists are 
averse to using the term generalization except when it is based purely on empirical data. 
However, that shouldn’t be the case as certain generalizable propositions can indeed be 
arrived at a priori. 
Kant further discriminated propositions into ‘analytic’ and ‘synthetic’ (apart from propositions 
provable empirically). An ‘analytic a priori proposition’ would be one which is true based just 
on the meaning of the words in the proposition, while an ‘analytic posteriori proposition’ is true 
by the meaning of the words involved in the proposition as well as empirical data. While doing 
a case study based research, the researcher is relying on the data collected as well as on 
theory based on data collected by earlier researchers, as well as the researchers’ inference. 
Therefore, case study based research is never a case of pure ‘statistical generalization’, as 
Yin (2009) puts it, as these cases are not samples like those in surveys. Rather, they are 
opportunities to test the generalizability of certain analytical propositions (which might have 
been arrived upon a priori or posteriori) post hoc. Yin (2009) calls this analytic generalization, 
although many qualitative researchers would prefer using the term transferable over 
generalizable (Maxwell, 2008). However, it has been explained above why calling it 
generalizable is not wrong.  
On the cover page of this chapter, three mediums of acquiring knowledge were described, 
direct perception (य), inference (अनुमान) and testimony (आगमः). Of these, direct 
perception corresponds to knowledge acquired empirically while inference corresponds to 
knowledge acquired analytically. Testimony is the knowledge acquired by others through their 
direct perception or inference. In a case study based research, inference and testimony acquire 
importance as direct perception (empirical evidence) is not enough to prove propositions. The 
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reliance on inference and testimony becomes even more pronounced in single case studies. 
This calls for analytic generalization. Hence in this research, to generalize from this case 
(which has two embedded units of analysis: Ramnadi and Devnadi), analytic generalization 
(Mills, et al., 2009; Yin, 2009) has been used. That is, generalization hasn’t be done through 
statistical means but through analysis and interpretation of collected data in the light of the 
theories and concepts under consideration. This method of generalization resolves the 
question of drawing generalized inferences from a single case. The generalizability of 
inferences depends on the extent to which the findings from the cases support existing 
theories, that is, the extent to which they enhance the generalizability of these theories. Thus, 
one can see that the characterization of the generalization of the recommendations and 
conclusions as coming from a single case study is misleading; the generalization is based on 
not just the case but also on logic (usually expressed through a model), literature and theory. 
Based on Yin’s advice (Yin, 2009), the following steps were taken to analytically generalize 
findings from the presented case study: 
1. A sound theoretical base was created by presenting a clear argument for flood 
resilience and governance attributes, especially with regard to public participation. 
2. This theoretical base was based on research literature and not on anecdotal cases. 
3. The manner in which findings support or contradict these theories was examined. 
4. Rival explanations and hypotheses were examined while forming the nodes and 
linkages of the causal loop diagram (see chapter 6.2.3, page 113). 
5. The last step was to look at other cases (mentioned as anecdotal cases in point 2 
above), to see if they come to similar conclusions. If they do, this would further 
increase the generalizability of the conclusions. 
Of course, there is no insinuation of the conclusions and recommendations emanating out of 
this research being universally generalizable. Every generalization is within certain constraints; 
the only universal statements being those in mathematics. Universal generalization is still 
elusive in physics (physical laws are only applicable in their domains, be it quantum physics, 
general relativity or statistical physics). The laws of ethics too, are applicable only within this 
limited universe of space and time. That does not mean that the conclusions and 
recommendations of this research can be generalized only to urban stream corridors in rapidly 
urbanizing cities in India. Rather, their generalizability can be gleaned by studying the rationale 
behind the conclusions and recommendations. Specifically, in Chapter 7 the advantages as 
well as the drawbacks of certain conclusions are mentioned, and the drawbacks set the 
boundary of generalization. As for the institutional recommendations, certain conditions have 
been mentioned which need to be met in order to implement these recommendations, and 
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these conditions set the boundary for generalization. Another important tip to grasp the 
constraints to the generalizability of the various conclusions and recommendations is to view 
them in their entirety and not individually. 
3.1.2 Sampling of the case study 
The researcher has narrowed down on the Ramnadi in Pune city. Its status has oscillated from 
a stream to a river and in 2015, it has been finally declared as a river.  
In a case study design, cases are selected either because they are typical or because they are 
particularly instructive examples for a more general problem (Flick, 2009, p. 134). Firstly, as 
far as the existence of the problem is concerned, before the 2010 Ramnadi flood which this 
thesis is concerned with, there was also a flood in 2007. This points to flooding becoming an 
increasingly bigger problem in the Ramnadi corridor. After confirming that the problem (or 
issue) exists, it needs to be seen if the case study is typical or instructive. The Ramnadi has 
been selected on account of it being particularly instructive case. Ramnadi is also a mature 
and a live case study; mature as in effects of floods and resulting participation and its outcomes 
have occurred and have been documented, and live as in the river and the issues associated 
with it still exist and are being worked on. This stream shows presence of (and scope for) 
various governance attributes (see chapter 2.6.1), especially public participation which is the 
subject of this research. In fact, the Ramnadi rejuvenation project, being in its tenth year, is the 
longest running public participation project for a river in Maharashtra (as of April 2018). 
Following is a list of the governance attributes and an explanation of the way these can be 
studied through the Ramnadi stream corridor: 
Public participation: There exist various ways in which the public can participate in 
governance. In the case of the Ramnadi, citizens have actively voiced their grievances and 
have tried to highlight its deteriorating condition through agitations and hunger strikes 
(Dandekar, 2011). Citizens’ groups like the Bavdhan Area Sabha have been formed, through 
which locals keep an eye on the river corridor and carry out activities like cleaning of river. 
Similar participation has been seen in the case of Devnadi, a stream near Ramnadi, where the 
residents of Baner have proactively tried to protect the stream from encroachment, pollution 
and flooding. Their efforts are well documented. “India’s water man”, Dr. Rajendra Singh has 
also in the past spearheaded some participatory activities in the stream corridor of Ramnadi 
and Devnadi (Dandekar, 2010). Thus, both these stream corridors show examples of active 
public participation. 
Polycentric governance: The presence of multiple institutions and actor networks can be 
seen governing the Ramnadi corridor. Apart from the urban local body, the citizens have also 
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involved the National Green Tribunal (NGT), a specialized body formed in 2010 by the 
Government of India for effective and expeditious disposal of cases relating to environmental 
protection, for delivering judgement on the encroachments on Ramnadi. Various NGOs like 
the Tarun Bharat Sangh and Jal Biradri have been involved in the management of the Ramnadi 
corridor. The draft of the National River Conservation Bill, 2015 calls for the formation of “Area 
Sabhas”, or a formal or informal body of residents, who shall be given certain management 
rights for the area of the stream corridors falling under their jurisdiction. The activists involved 
in making this draft have been active in the Ramnadi case and have drawn lessons from it.  
Experimentation: There haven’t been any experimental activities of note along the Ramnadi 
pertinent to this research. 
Bioregional approach: The impacts of basin level developments on surface and ground water 
in said stream corridors have been studied (Umrikar & Iyer, 2009). This further bolsters the 
credibility of a bioregional approach. In the case of rivers, a bioregional approach means 
setting up a basin level authority, but that might not be prudent in case of smaller streams as 
it might lead to more of government and less of governance. Thus, a “weak approach”, as 
described on page 35, can be implemented. This issue will be discussed with the stakeholders 
and an understanding of what a bioregional approach means at this scale will be developed. 
This will be done by studying the appropriateness of institutes at various scales, like the 
proposed Area Sabhas (ward councils). 
Accountability: To study how accountable and just the authorities are, first their duties and 
responsibilities need to be studied by the researcher. With this background, the interview can 
proceed smoothly. Other stakeholders might also have opinions on the functioning of the 
authorities. Through these data, the effect of promptness-lethargy or involvement-aloofness of 
the authorities on the resilience of the stream corridor to floods can be studied. 
Thus, these attributes of governance can be studied through the case of Pune’s streams like 
the Ramnadi; some extensively (like public participation) and some not (like experimentation). 
This research, however, will focus on the governance attribute of public participation. Pune 
boasts of a healthy presence of NGOs and various experts who have lent direction to these 
agitations and are well versed with the problems facing Ramnadi and Devnadi, which is a 
smaller stream flowing along the Ramnadi. Thus, the existence of such individuals, who can 
be interviewed and who can help the author understand and analyze the problem, makes for 
a compelling argument to select the Ramnadi as a case study. 
Besides, there are epistemological reasons for selecting the Ramandi. The researcher hails 
from the city of Pune and lives just a kilometre away from the Ramnadi. Knowledge of the 
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locality and the local social dynamics (like economic conditions and attitudes of locals, 
authorities and private developers) and the language has helped contextualise the data and 
has also helped in establishing a rapport with the interviewees.   
3.1.3 Boundaries of the case study 
In order to undertake a feasible case study based research, that is a research which will have 
a closure in the form of a conclusion and will be done in a limited time frame, the spatial and 
temporal boundaries of the case study need to be defined. Once these boundaries are 
demarcated, the object of the study, which in this research is the governance structure in the 
Ramnadi coridor, can be studied within this spatio-temporal frame. Following is an explanation 
of what these boundaries in this research are and the reason for them being so. 
Spatial boundary 
For the spatial boundary, the bioregional perspective has been echoed. Given that any water 
body is a result of its catchment, essentially, the whole catchment of the streams like the 
Ramnadi has been included in the study area. This means the inclusion of administrative and 
governmental bodies from various levels. However, it is important to clarify that only the stream 
corridor has been studied in detail. This ‘stream corridor’ encompasses the stream, the flood 
plains and surrounding areas which are affected by floods (affected as in, there is disruption 
of activities due to damage to the infrastructure). Thus, while the stream corridor is the topic, 
the stream catchment is only the context. The whole corridor of the Ramnadi from source to 
confluence, which includes the length falling outside the PMC limits, has been included in this 
study.  
Technically speaking, the part of the Ramnadi corridor that falls outside the limits of the Pune 
Municipal Corporation is rural, but the issues that the locals face are quintessentially urban as 
these issues are a result of the urbanization process. The development occurring along the 
Ramnadi in these parts is a part of this urbanization. Thus, the location might be rural (or peri-
urban) but the issues are of an urban stream corridor. Owing to this situation, the entire length 
of the stream corridor has been included in this study. 
Temporal boundary 
As far as the temporal boundary is concerned; the flooding events have escalated over the 
past decade or so, especially from 2007. Hence periodicals from this period onwards have 
been referred to. The 2010 Ramnadi flood is the event around which the before-after scenarios 
have been compared. The changes in the governance structure as a response to this event, 
and the effect these changes have had on flood resilience have been studied. Interviews have 
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been conducted with stakeholders and actors who were active during this period, many of 
whom are still actively engaged in the water related issues of Pune (see Appendix 5: List of 
Interviewees with status). Their views on the current state and retrospective views on the pre-
flood state have contributed to the temporal analysis. Thus, this research is not purely 
longitudinal. 
 Data collection methods 
Data was collected from multiple sources, not just for the sake of triangulation, but also to 
compensate for any lack of direct official data for the Devnadi or Ramnadi. The main types of 
data are interviews, governmental documents, maps and periodicals, apart from photos and 
observations during the recce.  
Official data in Pune was obtained through departments of the municipal corporation like the 
Disaster Management Cell, Environment Department and the website of the Pune Municipal 
Corporation. Some of the official data was obtained from NGOs and private citizens who had 
used the Right To Information (RTI) act to obtain the same. The researcher too has experience 
in obtaining data through this act. This act ensures that the citizens can access any 
government data provided it doesn’t compromise national security. Data like City Development 
Plan, Service Level Benchmarking, Land use map and Total station maps had been collected 
by the researcher before beginning the study. Data like the Orders of the National Green 
Tribunal (NGT) on encroachment along Ramnadi have been collected from the locals, lawyers 
and the NGT website. The researcher also attended a hearing of the Ramnadi encroachment 
case in the NGT during the site visit.  
3.2.1 Why interviews? 
“I think the most general view is that the only instrument that is sufficiently complex to 
comprehend and learn about human existence is another human.”  
- Jean Lave (Lave & Kvale, 1995, p. 220) 
The answer to the first and the third research question is heavily based on interviews, primarily 
because very limited information can be collected through surveys and the collection of existing 
data, especially in the case of urban streams in India, as there is not enough data available to 
begin with. However, persons who have worked in a particular context or who have 
experienced a particular phenomenon (floods, in this case) are the repositories of information. 
These persons can provide information to questions like - what is the nature of the problem? 
What are its effects? What tools are available (or can be developed) to deal with the problem? 
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This information can be in the form of hard data (e.g. extent of floods, damage, etc.), oral 
answers and referral of literature, among other things. 
Interviews are the mainstay of the data collection exercise as sufficient research or statistical 
data for the study area has not been available. In all, twenty four people have been interviewed 
during the first site visit over a period of 2 months. The duration of interviews has ranged from 
fifteen minutes to several hours. There were also two cases involving Smt. Indu Gupta and Dr. 
Pragathi Kaushal, and Ar. Kodag and Ar. Mhaskar, where two people were interviewed at 
once. The interviews have been recorded and transcribed. As the research progressed, the 
interviewees were updated with the work and their comments were sought. This was done to 
ensure that the research is not on thin ice. The researcher also stayed updated with the latest 
developments along the Ramnadi by staying in touch with the interviewees online. 
3.2.2 Interviewing techniques 
Interviews are not precise scientific methods; they are not meant to be. There are limits to 
using set methodologies in interviews, and many have expressed apprehensions about having 
a strong methodological approach to interviews. Bourdieu, (1999) is of the opinion that 
developing or employing an elaborate methodology for an interview is not that useful as these 
methodological prescriptions often turn out to be just “scientistic” rather than “scientific”.  
Before beginning the interview process, the researcher undertook a recon exercise to know 
the lay of the land; what are the recent developments (legislations, laws, formation of new 
administrative bodies, physical or infrastructural developments), how much data is available, 
which suppositions of the researcher still hold true and which do not, who needs to be 
interviewed, and so on. This reconnaissance had both, a desk research component and a 
greater on-site component. Post this recce, interviews were conducted with the purpose of 
gaining knowledge of the existing situation of the stream corridor as well as to get the view of 
experts on how flood resilience can be built. The interviews were conducted with the aim that 
they will help answer not just what should be done but what can be done through an overview 
of local capacities and governance issues. The interviews were semi-structured. Actors from 
various points in the actor constellation were pre-marked for interviewing. This was done to 
ensure the representation of as many different perspectives as possible and to form a holistic 
image of the governance structure. From these diverse starting points, snowball sampling 
technique was used to increase the pool of interviewees. Not only the individuals suggested 
by the interviewees, but also the ones’ mentioned were drafted as potential interviewees to 
prevent a tunnel vision, as has been explained on page 61 under the heading, Potential issues 
during the interviewing process. An added benefit of snowballing is that many a times, there is 
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a subsumed referral component present within it. As a result, the interviewees thus reached 
were better disposed to participate in the research, case in point being Mr. Anil Gaikwad who 
was introduced to the researcher by Mr. Shailendra Patel. Personal interviews were audio 
recorded and later transcribed. 
Interviews need to be conducted in a comfortable setting where there is a free-flowing dialogue. 
The interviewer has to pick up on various signs (body language, pauses, etc.) in order to 
coax/guide the subject in order to extract meaningful information. This could be achieved 
because the interviewer was able to develop a good rapport with some of the interviewees. It 
was made clear to the interviewees that their identity could be kept anonymous if they so wish, 
or that parts of the interview could be kept off the record. This was especially important in case 
of interviews with authorities as commenting on cases which are in the court of law could be 
held as being in contempt of the court. The interview approach in this thesis, especially the 
framing of the interview guidelines, has been influenced by that of Meyer (2011). 
The interviewees consisted of (1) locals, (2) elected officials and civil servants and (3) activists 
and professionals. Given the interest in researching the relevance of community-based 
measures in increasing flood resilience, the researcher visited the areas most affected by 
floods and interviewed the people who were affected by it. A map of the Ramnadi corridor was 
prepared which includes flood lines, location of some interviews, encroachments, and affected 
settlements among other things.  Locals living along Ramnadi corridor were interviewed, not 
just to get their opinions, but also to assess/explore their capacities/interests for participating 
in flood resilience exercise. Amongst the locals, citizens who had been involved in past 
agitations against the illegal constructions on the banks were especially interviewed. Similarly, 
some locals who had participated in the arguably successful flood resilience building measures 
along the Devnadi were interviewed to know their motivation, steps they took and the problems 
they faced. It is worth noting that the Devnadi did not flood after their riverbank betterment 
exercises whereas other streams and gutters in the area did (Dandekar, 2010). These 
interviews were sometimes individual and at times group.  
Elected officials and civil servants were interviewed and their plans/visions for the stream 
corridor were noted. Questions like “What are the governance issues they face?”, “Which 
priorities affect their decisions?”, “What are their sources of funding and what tasks need to be 
completed for procurement of the same?” were asked. E.g. In some cases, a certain 
percentage of funds have to be utilized in order to get further funds. 
Experts and activists can provide typical perspectives and solutions. Hence environmentalists, 
geographers, urban planners, architects and social activists in Pune who are well versed with 
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the case of the Ramnadi and the surrounding areas were interviewed. They were asked about 
their views on the future course that should be taken to address the flooding issues of the 
Ramnadi. Experts and activists who have been active in the other case study areas were also 
interviewed. Their actions and the conditions that enabled them were noted.  
The interview guidelines can be found in Appendix 4. It contains direct questions which are for 
gathering information, as well as stimulating questions which are for encouraging new ideas. 
These were supplemented with probing, specifying and follow-up questions during the actual 
interview. 
Potential issues during the interviewing process 
The interview method has its share of issues which might put the researcher in a fix at various 
stages. A major fear of any researcher is that the interviewees might not be sufficiently 
motivated for a detailed interview, or any interview, for that matter. Through the researcher’s 
prior experience from interviewing various actors (from illiterate citizens to government 
officials), the researcher was comfortable in assuming that most interviewees will be willing to 
be interviewed in detail. This turned out to be true. The fact that the researcher is pursuing a 
PhD in Germany with their stream corridor as the topic cast a good impression on the citizens 
and further motivated them to participate in the research. Same can be said about the experts, 
like lawyers, environmentalists, and NGOs. In addition, the researcher also promised to send 
them a copy of the finished work. Approaching the government officials can be tricky, at least 
that is their reputation, but in such situations, contacts came in handy. In the case of 
government offices, the letter of reference from the institute went a long way in helping the 
researcher get access to data and interviews, and so did referral from other interviewees who 
were on good terms with the concerned officer. 
Another issue which is usually associated with snowball sampling is that the research tends to 
have a ‘tunnel vision’, that is, the researcher ends up running with a sample of interviewees 
who have similar dispositions and profiles. As a result, the sampling turns out to be biased. To 
counter this, the starting points (the first contacts) have to be substantial and varied.  Also, it 
is up to the interviewer to ensure that the interviewees drops names of potential interviewees 
who may not be from their field or may not agree with their point of view. Questions like “do 
you know any geographers who have published work on the streams of Pune”, or “who was 
critical of your approach?” helped the researcher broaden his net. 
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Potential Interviewees 
Identifying and interviewing relevant stakeholders from various silos of the actor constellation 
is important to get a balanced view for a bankable research. The power to govern is distributed 
between the government, the private entities and the civil society (Warner & Sullivan, 2004). 
Thus interviewees from these three camps need to be represented in a proportion which 
reflects their influence and interest. These interviewed stakeholders will be mapped on an 
influence-interest grid (see Figure 8) before proceeding with the validation of research 
outcomes. 
The search for potential interviewees started 
with referring to the information available on the 
internet regarding the floods in the Ramnadi in 
2010. The activists and experts who were a part 
of the ‘Save Ramnadi’ campaign were included. 
Some of these activists were contacted well in 
advance and they in turn have assisted the 
researcher in contacting locals. The authorities 
who are responsible for controlling the 
development along the stream corridor along 
with the ones’ responsible for disaster 
management were interviewed. A former private 
developer/builder was also interviewed. The list 
of interviewees can be found in Appendix 5, 
along with their designation and further 
information. 
 Data analysis 
A systems approach has been adopted to analyse the data collected on the governance 
structure of the stream corridor. The understanding of the governance structure of the Ramnadi 
derived from the study of interview transcripts and other data like governmental documents, 
maps and periodicals, photos and observations has been presented in the form of a causal 
loop diagram of this governance structure (see Figure 43, page 113). This has enabled the 
researcher to have a holistic view of the governance structure and its linkages. How public 
participation affects other elements of this governance structure and ultimately, the flood 
resilience of the Ramnadi corridor, has been visually depicted through this diagram and has 
been further explained in detail. Coding and categorization of the interview transcripts followed 
Figure 8: Influence-interest graph for 
interview weightage and stakeholder 
analysis 
(Note: IG and SJ are initials of stakeholders)
Stakeholders 
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by meaning interpretation has aided the formation of this causal loop diagram (see Figure 9, 
page 62). The governance structure pre and post floods, that is, from 2010 and 2016, has been 
presented in chapter 5.3.1 (page 100 and 101). The causal loop diagram of the governance 
structure is the framework which has been used to study if, and consequently how, the public 
participation related changes observed over 2010 and 2016 in the governance structure have 
affected flood resilience. 
Thus, the aim of this exercise is to study how the changes in the governance structure have 
contributed to the flood resilience of the stream corridors. This will enable the researcher to 
profess if the causal relationships found between the changes in the governance structure and 
flood resilience contribute to the discussion on the applicability of practices like public 
participation for increasing flood resilience, and if yes, then how. This is the technique of 
pattern matching in which the theories and ideas (which forms the theoretical realm) will be 
cross-checked with the collected data (which forms the observational realm). This pattern 
matching will enable the researcher to generalise the findings based on analysis rather than 
on statistics. 
 
 
Figure 9: Data Analysis Flow Chart 
(Source: Own compilation) 
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Ideally, the interview analysis methods should be clear before the actual interview; in fact even 
before formulating the interview guidelines. Consequently, the guidelines can be made in such 
a way that the data thus collected can be analysed based on the previously thought out 
methods. Sound and appropriate interview analysis methods are important to secure the 
internal validity of a research. Methods like coding of the interview in the form of categorization 
and meaning interpretation (see Kvale & Brinkmann, 2009) have been used for analysis of the 
interviews.  
3.3.1  Coding and Categorization 
Following the data analysis process described by Rubin & Rubin (1995, p. 228), the coding 
process was started by reading the interviews. This was not a passive reading and the aim 
was to identify recurring concepts, themes and ideas, especially the one’s which are pertinent 
to this research. Once the reading was done, a causal loop diagram (Kim, 1992) of the 
governance structure was prepared based on the understanding derived from the interviews 
read and other collected data. Then the interviews were revisited and this time, relevant data 
was categorised (using the causal links as categories) to further define the causal loop 
diagram. 
In categorization, the objective is to extract relevant data from interviews and organise it in 
such a way that they can be used to test the hypotheses and answer the research questions. 
For this, the interview transcripts need to be converted to a more tangible format. Hence 
relevant extracts from the long, descriptive interview transcripts were put into categories. 
The interviews have been primarily used in forming the causal loop diagram of the Ramnadi 
corridor (see Figure 43, page 113). Each link in this diagram has been treated as a category 
and information from the interviews which supports or opposes this link has been tagged. The 
exact procedure adopted for the same is as follows. Each question in the interview guideline 
has been given a number and each respondent has been given a code. The response of each 
respondent to the questions has been noted. Responses which are independent of questions 
from the interview guideline have been given numbers too. Each link has been given a letter. 
Thus the link with the letter ‘a’ has been identified as link a, link b with the letter ‘b’, and so on. 
An excel table has been prepared (see Figure 10, page 64) with a column for question number, 
a column for the respondent code, a column for the response corresponding to that question 
number, a column denoting if the response is positive or negative, and a column for the 
category (which is the letter of the link in the causal loop diagram).  
The code of the causal link, which gets supported or opposed by the response, has been 
entered in the category column. In the explanation of the causal loop diagram of the Ramnadi 
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corridor, where each connecting link has been elaborated upon, these categorized responses 
of the interviewees have been cited in the explanation of the corresponding causal link. This is 
how the interview data has been used through categorization. Any other collected data that 
adds to the explanation has also been provided. 
 
Figure 10: A cut-out from the categorization table 
Since 2007, and especially since the 2010 Ramnadi flood, the governance structure of the 
stream corridors has undergone various changes. Some of these changes have affected the 
links (that is, the categories) in positive or negative ways. The effects of these changes have 
been studied in the following manner. Each of the above-mentioned categories will aid in two 
ways. Firstly, they will aid in the description and explanation of the effect of certain actions on 
other elements in the governance structure. For example, a study of the bank maintenance 
and plantation exercises undertaken by the residents along the Devnadi can show how 
participation has increased robustness, or how encroachments on the Ramnadi are a result of 
unaccountable and lax authorities. The second way by which these categories can help, is that 
they can shed light on the scope and avenues for the promotion of particular governance 
attributes in the social-ecological system. The contribution of these governance attributes to 
resilience will be evaluated through meaning interpretation of the interviews whilst considering 
the context of the stream corridors. 
3.3.2 Meaning interpretation: 
Categorization of the interviews in and of itself is not enough to establish the causal link 
between two nodes of the causal loop diagram. Categorization in this research is essentially 
interview transcripts cut up and arranged in such a way that all the parts related to a particular 
causal link can be easily accessed. It would be ill-advised to rely solely on these transcript 
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snippets from interviews for understanding the causal links in the causal loop diagram of the 
Ramnadi corridor as it would neither be sufficient nor rigorous; it could even be misleading. To 
understand the causal links, meaning interpretation needs to be done post categorization. By 
meaning interpretation what has been done is that, the statements have been re-
contextualized within broader frames of reference (Kvale & Brinkmann, 2009). The interviews 
(especially the categorised data) have been situated in the context of the interviewees’ 
viewpoint, their environment and other collected data, and the researcher has exercised his 
sense of deduction to interpret what the interviewees´ statements mean for the subject of the 
research, which in this research is the stream corridor. This meaning interpretation has been 
done to extract inexplicit explanations, which would be central for understanding said causal 
links.  
Meaning interpretation approaches interviews in a way which is fundamentally different from 
categorization. While categorization is based on isolating parts of each interview and putting it 
in various silos, interpretation is about contextualization and explanation building. 
Interpretation will be a critical appraisal of the interview, thus will lead to text expansion. This 
will also include addressing rival explanations as interviewing varied actors will expose the 
researcher to different explanations of the same event. 
Meaning interpretation is looking beyond the quotes in the interview transcripts and unearthing 
connections between various parts of data in order to form a comprehensive analysis. In this 
research, meaning interpretation has not been limited to describing the causal loop diagram. 
While it has been used to analyse the governance structure through the causal loop diagram, 
some recommendations have also been drawn directly through it. Ultimately, it has been used 
to articulate the causal relation between the governance attribute of public participation and 
resilience characteristics. The aim of this exercise is to understand and explain how the 
governance attribute under study, i.e. public participation, affects the characteristics of 
resilience.  
3.3.3 Causal loop diagram 
Based on categorization and meaning interpretation, a causal loop diagram of the governance 
structure of the Ramnadi corridor has been drawn. As this is a single case study based 
research which banks on analytic generalization, providing an explanation of the causal link 
between governance attributes like public participation and flood resilience is imperative to 
ensure the generalizability of the research. For this, an understanding of the governance 
structure of the Ramnadi corridor is needed. This means not just knowing the actors and 
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institutions (as shown in Figure 37 and Figure 38) and how they have changed over space and 
time, but also an understanding of how their actions affect each other and the stream corridor.  
Understanding the dynamics of the stream corridor and presenting them, calls for the use of a 
model which can encompass the dynamics of the complex adaptive system under 
consideration and can present them in a lucid format. This model has to be such that it can 
help describe the system and help understand it. Simple narration fails on both these counts 
as it tends to get tedious for describing and complex for understanding. A visual depiction 
which captures the interactions (at least the relevant ones) on one paper certainly helps in this 
regard. Hence a causal loop diagram has been used. More on the causal loop diagram has 
been covered in chapter 6. 
Based on categorization and meaning interpretation of the interviews, and the subsequent 
causal loop diagram, the relation between public participation and resilience has been 
established. In order to do this, resilience has been operationalized by breaking it down into 
its constituent characteristics (see Table 2, page 28) which are robustness, redundancy, 
adaptive capacity and self-organization. Recommendations for the governance of the Ramnadi 
corridor in particular and urban river corridors in general have been drawn based partly on this 
causal loop diagram. 
Apart from using the causal loop diagram to analyse how certain changes in the governance 
structure have affected flood resilience, it has been used for a second purpose, which is 
forming recommendations. The lessons learnt from the analysis of the causal loop diagram 
have directly informed the recommendations. Which actions and decisions will have a positive 
effect on the flood resilience of the stream corridor, has been determined by predicting their 
effect based on the causal loop diagram. Such actions and decisions have been 
recommended. 
3.3.4 Validation of the results and recommendations 
Once the causal loop diagram was created and recommendations for the river corridors based 
on its analysis were drawn up, the validation process was started. In this validation process, 
the results of the first two research questions, along with the first draft of recommendations 
that were drawn, were shared with the actors who had been interviewed earlier in the research. 
In the second round of this process, certain selected actors were contacted again. They were 
exposed to the views of other actors from the first round as well as that of the researcher. Their 
comments were sought.  
The validation process proceeded as follows. The two diagrams depicting the governance 
structure for the Ramnadi corridor in 2010 and 2016 were shown to the participants. The 
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corrections or additions that they suggested were noted. After this, the causal loop diagram of 
governance of the Ramnadi corridor was presented to these participants for their perusal. Each 
actor, link, and feedback loop was discussed. Any improvements or mistakes that they found 
in the diagram were noted and worked upon. Final recommendations were drawn after more 
consultations in a second round wherever needed. Through this process, it was ensured that 
the recommendations that have been drawn were drawn after considering as many 
possibilities and viewpoints as possible. 
The validation process was mostly done by meeting the actors personally in Pune city. A part 
of it was also done online; via telephone or Skype and e-mail. It was an iterative process which 
went on continuously during the writing of the final chapters. The actors were kept in the loop 
throughout the drafting of the final recommendations and were updated on the research 
progress. Thus the research and the prescriptions were built on their comments. This also 
fuelled their interest and thus increased their involvement in the discussions.  
 Concluding remarks on the adopted research design and methods 
Given the reality of climate change, urbanization and the lessons learnt from past flood risk 
management paradigms, a greater involvement of the public in flood risk management is 
increasingly being advocated. This research has been designed with the aim of understanding 
the role of public participation in the governance structure, its limitations and potentials, and 
the way it can be used to make the river corridor in the case study flood resilient. The interviews 
approach has allowed the researcher to interact with actors who govern and along with other 
primary and secondary data, and has enabled him to study the governance structure. The non-
rigid nature of the methods (semi-structured interviews, for example) acknowledges the 
exploratory nature of the research. 
The data analysis methods of meaning interpretation and coding and categorization have been 
used, and the subsequent analysis using a causal loop diagram has been done to ensure that 
a transparent, rational, objective and thorough approach is used to extract lessons from the 
case study.
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ईशाना वायाणां कषयतीषणीनाम |  
अपोयाचािम भषेजम || 
- ऋवेद, मडल १०, सू ९, म ५ 
 
 
 
 
 
 
 
 
I beg the Floods to give us balm, these 
Queens who rule o’er precious things, 
And have supreme control of men. 
- Rig Veda, Book 10, Hymn 9, Verse 5 
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The researcher spent the months of March and April 2016 in Pune during which he conducted 
semi-structured interviews with various actors. Apart from interviews, the researcher also 
collected primary data by undertaking a river walk along the entire length of the Ramnadi. 
During this walk, the researcher accessed all the accessible (and some inaccessible) sections 
of the river, took photos, talked to locals including slum dwellers, children and villagers and 
made observations regarding the existing state of the corridor. This, along with the secondary 
data collected in the form of maps, photos, newspaper clippings, research papers on the case 
study and governmental reports like development plans and disaster management guidelines 
have provided the researcher the data, the overview and the confidence to pen this chapter.  
This chapter is primarily a description of the social-ecological system of the Ramnadi corridor. 
The data that was collected has been systematically presented in a holistic and a structured 
manner. The format for the presentation of data adopted in this chapter is the description of 
the journey along the Ramnadi from the source to the confluence with the Mutha. As the 
narration progresses along the river, a description of the catchment, the people and the stream 
corridor at various points is provided. Essentially, this chapter is a report on the Ramnadi which 
describes the changes that have taken place over the past decade and the current state.  
 Ramnadi in context 
Ramnadi flows through Pune, which is a city in the state of Maharashtra (see Figure 11). It is 
the 7th largest city in India with a population of around 3.4 million and is rapidly urbanising due 
to its reputation as a leading centre for education, IT and automobile manufacturing. Pune, 
which started out as a hamlet on the Mutha River, has grown to become a metropolis. As can 
be seen in Table 5 on page 71, the area of Pune grew many folds in the 1950s after the 
establishment of the Pune Municipal Corporation and the subsequent incorporation of some 
surrounding villages. Another such annexation took place in 1997 when 23 villages from 
around Pune were added to the municipal corporation area. Consequentially, the area of Pune 
increased from 147.11 sq. km. to 243.87 sq. km. As a result, areas like Bavdhan which are a 
part of the Ramnadi catchment came under PMC. 
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Year Total Area 
(sq. km.) 
Area added 
(sq. km.) 
Name of added area 
1857 7.74 - South  - Shankarsheth road to  Ambil  road 
North East - Right bank of Mutha river 
East  - Welesly road to New Modikana 
1889 9.86 2.12 Area between Shankarsheth road, Satara Road and 
Golibar Maidan 
1890 18.04 8.17 Erandwana and Bhamburda villages 
1931 18.79 0.75 Parvati gaothan and area till Hingane 
1935 19.05 0.26 Chaturshrungi area 
1958 138.98 119.93 Inclusion of 18 villages post PMC formation  
1975 138.05 -0.8489 Exclusion of some parts of Bhosari 
1981 146.95 7.33 Inclusion of Sutarwadi 
1983 147.11 0.014 Inclusion of Survey no. 79 of Ghorpadi 
1997 243.87 97.84 Inclusion of 23 villages 
Table 5: Morphological Development of Pune 
 
 
Figure 11: Location of study area 
 
The city of Pune is located on the Deccan plateau, which makes up most of the southern part 
of India. It extends from the Sahyadri mountain ranges in the west, nearly up to the eastern 
(Source: Umrikar & Chopade, n.d.) 
(Source: Pune City Development Plan 2006-2012, page 48) 
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coastline. Its western part in the state of Maharashtra along the Sahyadri mountain ranges 
where the Ramnadi lies is characterized by a dense drainage pattern owing to the contour 
profile of the land and heavy seasonal monsoon rains (see Figure 12). This drainage is made 
up of many lower order streams. As they are rain-fed, peak discharges occur during the 
monsoon rains, whereas during the summers, they nearly run dry. Three main rivers, Mula, 
Mutha and Pavna flow through Pune along with tributaries like Ramnadi and Devnadi.  
Urbanization and the resulting encroachment on the banks of these water bodies have led to 
increased flood risk along their banks. The areas affected by floods in Ramnadi are 
Vitthalnagar, Chapajibuwa Nagar, Sanjay Gandhi Vasahat, Kokate Nagar, Warje, Kothrud, 
Karve Nagar, Bavdhan, Pashan, Baner and Aundh. 
 
This flood risk along rivers and streams of Pune has been recognised by the PMC which has 
led to drafting of the Flood Action Plan, 2014. A 24 hours operational Disaster Management 
Cell has also been set up which manages post disaster relief along with the Fire Brigade and 
Home guards. It also monitors the precipitation and dam water level data and is responsible 
for alerting the authorities and citizens of an impending flood.  
Figure 12 Drainage density map of Ramnadi 
(Source: Umrikar & Chopade, n.d.) (Note: Drainage Density measured as channel length 
per unit watershed area (km km-2)) 
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Figure 13: Map of the Ramnadi, upper reach 
(Basemap source: ArcGIS, World Topographic Map, 2017)  
 
Figure 14: Map of the Ramnadi and the Devnadi 
(Basemap source: ArcGIS, World Topographic Map, 2017) 
4 The Ramnadi corridor: A social-ecological system 
74 
 
 
Figure 15: Urbanization in the Ramnadi basin near the Pashan Lake 
(Built up areas shown in black) (Source: Own compilation based on base map and urbanization data 
from Bhuvan: Gateway to Indian Earth Observation http://bhuvan.nrsc.gov.in/) 
The issues that the Ramnadi faces are not unique in the Indian context. Like several similar 
streams in India, it faces issues which are a direct result of the haphazard urbanization that 
has taken place along its banks and in its catchment. Out of 147 first, 37 second and 7 third 
order streams of this river (total length 170 km), 57, 23 and 3 streams respectively (total length 
76 km) have disappeared in the process of levelling of land for construction purposes such as 
buildings and roads. All these changes have been responsible for causing flash floods and 
minimizing groundwater storage capacity (Umrikar & Iyer, 2009).  
Another major issue with the Ramnadi is the constriction of the channel which has led to flash 
flooding events (see Figure 32). This constriction is caused due to construction in its floodplains 
(Dandekar, 2011). Constriction not just causes floods but also affects the ability of the stream 
to execute key corridor functions (Yli-Pelkonen, et al., 2006). For example, it makes green 
PASHAN LAKE 
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fissures along the stream discontinuous, which greatly reduces the biodiversity of the area and 
severely limits its capacity to provide any ecological services. The function of the stream 
corridor as movement corridors for animals is also hindered. The encroachment is not just by 
private developers but also by governmental departments like the IMD (Indian Meteorological 
Department) which has constructed a permanent wall and a septic tank in the channel itself.  
Such damaging encroachments have been abetted by the fact that the status of the Ramnadi 
has oscillated between a river and a stream. Rivers and streams have different regulations for 
green zones, where no construction is allowed within 30 metres of a river and 7.5 metres of a 
stream. In the 1971 topographical map of Pune (sheet 47 F/14) published under the direction 
of the Surveyor General of India, the Ramnadi has been depicted as a stream. Later, it has 
been depicted as a river in Pune city’s 1987 Development Plan. However in the draft 
Development Plan for the newly incorporated 23 villages prepared in 2007, it has again been 
designated as a stream (or nullah in local parlance). According to BJP corporator Ujwal Keskar, 
this ambiguity has led to illegal constructions in the river’s section passing through these 
villages. Even when it was classified as a stream, it did not get even this 7.5 metre wide green 
belt due to encroachments, as PMC had to clear 28 encroachments even after just considering 
it as a nullah (Times News Network, 2010). On September 29 2007, the General Body of the 
Pune Municipal Corporation (PMC) passed a resolution to give back to Ramnadi the status of 
a river. However, the structures built between the 30 metre and 7.5 metre zones with 
permission from the Corporation or the District Collector can’t be legally brought down. 
Because of such developments, the city has turned its back to the Ramnadi and thus the 
potential of the waterfront as a recreational/ biodiversity/ social entity has been left 
underutilized.  
 A journey along the Ramnadi 
This section presents a detailed account of the Ramnadi’s social-ecological system. In order 
to present the information on the current state of the Ramnadi section by section, the journey 
along the Ramnadi, from source to confluence that the researcher took in the end of April 2016 
has been described here. During this walk, observations were made on the land use and the 
environmental state of the stream corridor in each section. As each section of the Ramnadi is 
tackled, input based on other data collected by the researcher is provided wherever relevant 
to provide as complete an understanding of that particular section of the Ramnadi as possible. 
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  Figure 16: Map of the Ramnadi showing the sections 
  (Source for base image: ArcGIS, World Topographic Map, 2017)  
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4.2.1 Section 1: Ramnadi at the source 
 
Figure 17: Ramnadi at the source 
(Basemap source: ArcGIS, World Imagery, 2017) 
The source of the Ramnadi is the two valleys of Khatpewadi and Warpewadi. This area is hilly 
and the land use is mostly single crop agriculture land, scrub/ waste land or degraded forest 
land (Land Use, Landcover Map of MRSAC, Nagpur, 2001-02). The first bund on the Ramnadi, 
called Bhukum Lake, can be found near Khatpewadi (see Figure 17). Shailendra Patel, an 
activist who is a leading voice in the Ramnadi struggle and is responsible for curing the 
drought-like state of Bhukum is of the opinion that the bund has altered the natural flow of the 
river and has considerably reduced the amount of water that flows along the Rameshwar 
temple in Bhukum. This alteration of flow can be seen in Figure 18 below, in which the 
depression in the road was the natural path of the stream. Another piece of evidence 
supporting this claim is the small roof structure on the left of the road which is a cremation site, 
and cremation sites are only found along water bodies. The present outlet of the bund, 
however, is behind the point from where the photo in Figure 18 was taken. 
Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO, USGS, FAO, 
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri 
China (Hong Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors, and the 
GIS User Community 
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Figure 18: Road in front of bund wall of Bhukum lake 
Despite Mr. Patel’s misgivings, the researcher fails to see how this bund is impacting the flood 
or ecological situation negatively, as the disturbance in the path of the river is minor and around 
90 metres from the bund, the river flow continues along the natural route. From here, it 
continues on its route through farmland and runs along the eastern edge of the village Bhukum. 
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4.2.2 Section 2: Ramnadi in Bhukum 
 
Figure 19: Ramnadi in Bhukum 
(Basemap source: ArcGIS, World Imagery, 2017) 
The next point of interest along the path of the river is the Rameshwar temple in Bhukum. The 
etymology of the village’s name is interesting. ‘Bhukum’ (भुकूम) comes from bhu-kumbha (भू-
कंुभ), which means vessel of earth. The name is apt as this area, which is surrounded by hills, 
is covered by soft soil (as seen in Figure 20) which holds water and releases it over time. This 
comes in handy in the summer season as the ground still holds enough moisture to support a 
satisfactory groundwater level. The researcher visited this spot for the first time on the day of 
Mahashivratri in 2016, which is a festival associated with lord Shiva, the deity worshipped in 
this temple. The occasion for the visit was a puja (worship) of the goddess Ramnadi, This 
tradition has been started by Mr. Shailendra Patel since 2010. He uses this as an opportunity 
to spread awareness among the locals about the issues facing the river.  
Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO, USGS, FAO, 
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri 
China (Hong Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors, and the 
GIS User Community 
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Figure 20: Path for the flow of water dug by locals in front of the Rameshwar temple 
The villagers of Bhukum are no strangers to water related issues. They had faced severe 
depletion of the groundwater table due to over extraction through bore wells. Mr. Shailendra 
Patel was instrumental in solving this situation by urging the villagers to adopt better practices 
which included usage of shallow wells and promoting percolation of water. After experiencing 
water shortage, the locals participated wholeheartedly in the programme implemented by Mr. 
Patel.  However, since the water scarcity has been solved, in Mr. Patel’s opinion as well as 
that of some villagers, the concern for the environment that the villagers had has gradually 
dissipated. Mr. Patel supports this observation by pointing out how negligent the villagers have 
been of the construction activity that is taking place right in front of the Rameshwar Mandir 
(temple) which is tampering with the natural drainage of the area. 
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This construction activity cuts straight across the path through which the Ramnadi flows (see 
Figure 22). The water has been redirected through a pipeline (whose mouth can be seen on 
the wall on the right side in Figure 22) which runs perpendicular to the river flow. Whether the 
culvert has been designed considering the peak discharge in monsoons is not known, but 
going by the experiences with other such culverts, even the ones designed by the local 
authority, the chances of it failing to meet the requirements due to insufficient cross section or 
silting or blockage are high. A blocked pipeline will result in floods in the area around the 
Rameshwar temple and the school. Flood waters might also bury the wells in silt which will 
make them unusable. Apart from the pipeline, the redirection of the water is itself an issue as 
the new path is close to some of the houses in the village of Bhukum. Thus, their flood risk has 
increased.  
 
Figure 21: Construction within and right across the river channel 
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Figure 22: Map of construction across the channel in Bhukum and the resulting changes to the flow of water 
(Base image source:  © 2016 DigitalGlobe, Map data © 2016 Google) 
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Mr. Shailendra Patel has been organizing 
the Ramnadi Kalash Puja as a member of 
the Jaldevata Seva Abhiyan (जलदेवता सेवा 
अिभयान, translated: Drive for service of the 
Water deity), the Vasundhara Ramnadi 
Swacchata Abhiyaan (वसंुधरा रामनदी 
व छता अिभयान, translated: Vasundhara 
Ramnadi cleanup drive). He has dedicated 
this service to every individual who is 
striving towards making Ramnadi 
encroachment-free and pollution-free. 
During this event, the researcher paid 
special attention to his method of engaging 
the locals and urging them to participate. 
Firstly, he selected a day (Mahashivratri) 
when the villagers gather at the temple. 
Hence no special efforts were needed to 
invite and motivate the locals to show up at 
an assembly. Secondly, appealed to the 
locals during a popular cultural event.  
During such festivals, they are naturally inclined to think about the community and greater good 
and have a more charitable disposition. Once the locals were gathered and the main event 
was over, Mr. Patel appealed the people in the temple, mostly ladies, to offer their salutations 
to the Kalash (seen in Figure 23) which was the physical embodiment of the spirit of the 
Ramnadi. He also urged them to stay in the temple for a short while after the salutations to 
hear his message. As he was well known in the village for having helped them in times of need, 
and in spite of him having chastised the villagers in the recent past for not caring about the 
encroachments, nearly everyone stayed. Thirdly, he personified the river by giving it the status 
of a deity. This is not unique in the Indian context. In fact, it is the norm. Most major rivers are 
worshipped as goddesses. But that was not the case with the Ramnadi. Mr. Patel implemented 
a historical device to make the public more responsive to the feedbacks of the river by making 
it a part of their cultural and personal lives. He has personified the river by turning it onto a 
deity. This sentiment was reflected through Dr. Pragathi Kaushal’s own words when she said, 
“I suddenly felt that the River is asking for something, that is, give me my passage, which was 
Figure 23: The Kalash (water vessel with 
coconut) representing Ramnadi at the Puja in 
Rameshwar temple 
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blocked all along by construction, debris, dumping of waste, sewage. I have lived here for 24 
years. I have seen this river flowing well. And suddenly, when floods happened in 2010, this 
house got flooded, and I personally realized that yes, the river is asking you for help. So we 
became the mouthpiece for Ramnadi.” 
Another issue is regarding the exact source of the river. According to the demarcation done in 
2016, the river starts from the Bhukum Lake, which is downstream of Bhukum village. The blue 
and red flood lines will be marked from there. This has led to a free for all on the land around 
the river channel seen in the front of the Rameshwar temple as there is no requirement to 
maintain a setback from the water body or to even acknowledge its existence. Uncontrolled 
construction has already started on this land (whose price is appreciating). Apart from 
destroying the groundwater levels, it will raise the flood risk in the village. 
4.2.3 Section 3: Ramnadi between Bhukum and Pune Municipal Corporation limits 
 
Figure 24: Ramnadi in Bhugaon 
(Basemap source: ArcGIS, World Imagery, 2017) 
Just downstream of Bhukum village is the Bhugaon reservoir which has been constructed on 
the Ramnadi. The Irrigation department has drawn the red and blue flood lines from this 
reservoir onwards which shows that the government considers Ramnadi as a river from the 
Bhukum reservoir till its confluence with the Mula River. However, the on-site physical marking 
Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO, USGS, FAO, 
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri 
China (Hong Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors, and the 
GIS User Community 
4 The Ramnadi corridor: A social-ecological system 
85 
 
of the flood lines on the banks has only been done from the Pashan Lake onwards as on 27th 
April 2016.  
In the catchment of the Ramnadi between the Bhugaon reservoir and Bavdhan, prolific real 
estate development has taken place over the past decade. In this section both the banks of 
the Ramnadi fall in the village of Bhugaon which is outside the limits of the Pune Municipal 
Corporation. The catchment is hilly and as can be seen from the following images, extensive 
construction activity has taken place on the hills too in the period from 2003 to 2017. When the 
researcher visited the site on the 27th of April 2016, riverbed was completely dry up till the first 
bridge. From there onwards up to 150 meters downstream where a bund was constructed, it 
was filled with polluted water from the drainage system. Presented below are some aerial 
images which help understand the urbanization process that has taken place in this section.  
The first image (Figure 25) is from early 2003 in which the village of Bhugaon is the only 
settlement of note. Apart from Bhugaon, some structures can be seen along the dual 
carriageway. The land along the Ramnadi is almost exclusively either agricultural or 
uninhabited hill slope. In the image from the end of 2010 (Figure 26), which is two months after 
the Ramnadi flood of 2010, one can see that the Ramnadi catchment has been altered 
significantly; as in significant area of agricultural land and hill slopes has been converted to 
residential and institutional real estate. In the image from the end of 2016 (Figure 27), the land-
use changes are staggering. Buildings have been constructed well within the 30 meter green 
belt. At places, retaining walls have been built right in the river creating veritable bottlenecks 
(see Figure 28, page 87).  
 
Figure 25: Aerial Image of Bhugaon from 28.01.2003 
(Source: Google Earth, 2003) 
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Figure 26: Aerial image of Bhugaon from 18.12.2010 
(Source: Google Earth, 2010) 
 
Figure 27: Aerial image of Bhugaon from 23.12.2016 
(Source: Google Earth, 2016) 
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Figure 28: Retaining wall constructed in the bed of the Ramnadi. 
4.2.4 Section 4: Ramnadi in Bavdhan  
 
Figure 29: Ramnadi in PMC limits upto Pashan Lake 
(Basemap source: ArcGIS, World Imagery, 2017) 
Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO, USGS, FAO, 
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri 
China (Hong Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors, and the 
GIS User Community 
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From Ward no. 29 till the Pashan Lake, only the right bank of the Ramnadi is in Pune Municipal 
Corporation (PMC) limits. In this section, urbanization has happened in such a way that 
buildings have been constructed right over the streams that drain into the Ramnadi, thus 
completely cutting them off and altering the drainage pattern. This can be seen from the Survey 
of India sheet number E43H14 (47F/14) of 2011 (see Figure 30 below), where the feeder 
streams of the Ramnadi as well as buildings which have been constructed over them are 
shown. It is impossible to demolish all such constructions as many have been built when the 
area was outside the PMC limits and have received permission from the local gram panchayat 
(local village body). Also, according to a civic official, the civic body faces political pressure 
when it initiates steps to demolish structures which encroach upon reserved land and water 
bodies (Times News Network, 2013). 
 
Figure 30: Comparison of toposheet number E43H14 (47F/14) from 1971 and 2011 
(Source: Survey of India, Open series maps) 
It is in this section that the severest effects of the flash flood of 2010 were felt. As described 
by Mrs. Indu Gupta and Ar. Sarang Yadwadlar, the flood waters entered the structures from 
two sides; the river side because of the swelling of the river, and the catchment side because 
of the surface runoff. In Bavdhan, the Ramnadi catchment is steep due to the presence of hills 
along the right side of the catchment. Also, urbanization has led to soil sealing which in turn 
has led to swift and copious runoffs. This is also the section in which dumping of construction 
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debris took place. As seen from Figure 32 (page 90), issues like retaining walls constructed 
within the flood lines of the river, settlements within the flood lines and dumping of untreated 
wastewater can be seen in this section. 
Shailendra Patel, who has worked committedly over many years to save the Ramnadi from 
deterioration, described the clogging up of four of the six culverts underneath the bridge (seen 
in Figure 31) over the Ramnadi in Bavdhan village due to pieces of cloth which found their way 
into the mainstream of the Ramnadi after heavy rains. He described how pieces of textile and 
plastic accumulated incrementally, layer by layer, in front of the culverts and finally blocked 
them. Subsequently, the locals had to bring in cranes to clear the culverts of the blockage. Mr. 
Patel points out that the 2010 flood occurred in that area after the blockages had been 
removed. He presents this as proof of the current channel of Ramnadi being inadequate as 
the flood occurred despite the channel being near the peak of its capacity. 
  
Figure 31: Bridge in Bavdhan 
Mr. Babanrao Dagade, the Sarpanch (head of the local village body) of Bavdhan told the 
researcher that the flood of 2010 washed off parts of the Ghat where the final rites of the 
deceased take place and that he rebuilt it and paid for it out of his own pocket. Thus, it is 
evident that Bavdhan has borne the brunt of the 2010 flood.  
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Figure 32: State of the Ramnadi corridor in Bavdhan in 2016 
(Base map source: ArcGIS, World Imagery, 2017) 
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4.2.5 Section 5: Ramnadi between the Pashan Lake and its confluence with the Mula 
River 
 
Figure 33: Ramnadi between Pashan Lake and confluence 
(Basemap source: ArcGIS, World Imagery, 2017) 
In this last section, both banks of the Ramnadi lie in the Pune Municipal Corporation limits. The 
river passes through the Pashan, Baner and Aundh wards. Several man-made features are 
present in this section like two gardens (out of which the one next to the Pashan Lake is very 
well maintained while the one next to Sus road is in total disrepair) and a beautiful 17th century 
temple (Someshwarwadi mandir) with steps (or Ghats, as they are locally called) leading to 
the river. The land along the river which used to be covered by Guava orchards and farms is 
now dominated by apartments and office buildings. This is the only section in which the flood 
line levels have been marked at various places along the river bank (see Figure 34). Based on 
these markings, it is clear that many recent retaining walls that have been constructed to 
secure the boundaries of buildings have been constructed within the prohibited zone, which 
falls between the Prohibitive Flood Lines (or Blue Flood Lines) on either side of the river (see 
Figure 35). 
Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO, USGS, FAO, 
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri 
China (Hong Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors, and the 
GIS User Community 
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Figure 34: Flood line levels marked on the Someshwarwadi Mandir on the banks of the Ramnadi 
 
Figure 35: Retaining wall built within the prohibited zone of the Ramnadi 
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The researcher interacted with locals during the river walk at many points in this section. First, 
a person living in one of the informal houses constructed at the point where the stream flowing 
through Aundh joins the Ramnadi said that flood waters entered his home during the 2010 
floods. This led to destruction of stored grains. The river bank at this point is littered heavily 
with plastic waste. Furthermore, waste from the informal settlements on the riverbank directly 
drains into the river. Further upstream at the bridge near the Someshwarwadi Mandir, locals 
told that the PMC cleaned the banks after the floods and that floodwaters entered the houses 
close to the river and some property, both public and private, got washed away. 
In the end of September 2016, the Vasundhara Swachhata Abhiyan, a group of motivated 
citizens, took up the task of cleaning the Ramnadi along a 1200 metres stretch in this section 
from the Someshwarwadi Temple to the bridge downstream (Puri, 2016). They worked a 
couple of hours every day for six days. Anil Gaikwad, the founder, said that they have been 
doing this for the past four years. This was the second clean-up in the monsoon of 2016. The 
first was by the municipal corporation in April which was initiated due to pressure from the 
citizens. Indu Gupta remarks that the PMC did a half-hearted job as they dumped the debris 
removed from the river onto the river bank. Ideally it should have been taken away. 
The activists also educated the slum dwellers on keeping the river garbage free and on using 
toilets. An officer in charge of the Kothrud ward office said that having cleaned the river bed, 
the PMC will ensure that slum dwellers do not dump garbage in the river. 
 Conclusion after the Ramnadi corridor reconnaissance 
The Ramnadi, in its 20 kilometres journey flows through the jurisdictions of the Pune Municipal 
Corporation (PMC), the irrigation department and the collector’s office, although when the 
Pune Metropolitan Region Development Authority (PMRDA) goes online, the whole river will 
be under its jurisdiction. On the 19th of July 2017, the PMRDA initiated the process of preparing 
the development plan for the Pune Metropolitan Region which includes around 400 villages. 
However, irrespective of the entire basin of the Ramnadi coming under one jurisdiction, the 
fact remains that the geography of the basin, the land-use as well as the socio-economic make-
up of the people residing along the Ramnadi changes as one travels from the source to the 
confluence. This has been demonstrated in this chapter as it should be considered while 
framing policies and schemes in these areas. This chapter also shed light on the ways in which 
public participation has taken place in the corridor. Further analyses on the capacities of the 
public and the methods of public engagement that have been proposed have been devised 
with this background in consideration.
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Villagers living on the banks of rivers shall, during the rainy reason, remove themselves to up-
countries. They shall provide themselves with wooden planks, bamboos, and boats. They 
shall, by means of bottle-gourds, canoes, trunks of trees, or boats rescue persons that are 
being carried off by floods. Persons neglecting rescue with the exception of those who have 
no boats, etc., shall be fined 12 panas. On new and full-moon days shall rivers be worshipped. 
Experts in sacred magic and mysticism (máyáyogavidah), and persons learned in the Vedas, 
shall perform, incantations against rain. 
- Kautilya's Arthashastra (compiled and reworked between 2nd century BCE and 3rd 
century CE), Book 4, Chapter 3 
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This chapter starts with an account of the evolution of local governance in India in the context 
of river corridors as traditionally, local governance in India has had a strong participatory 
component. Actors who are part of the local governance have the power to govern spaces like 
river corridors and this chapter starts with an overview of the capacities in which locals have 
participated in their management. The current institutional setup for governing urban floods 
and the recent changes that have been introduced in it have also been discussed in this 
chapter. With this in the background, the case study corridors of the Ramnadi and the Devnadi 
(a stream which flows in the vicinity of the Ramnadi and shares with it a significant chunk of 
the actor constellation and whose corridor has a similar social-ecological setup) have been 
presented. Special attention has been given to the role of public participation in the governance 
of these stream corridors. 
The first hypothesis, which is that flood events act as drivers for bringing about changes in the 
governance structure, has been investigated in this chapter. To this end, the circumstances 
which led to formulation of the urban flood management guidelines in India and to the increase 
in participation in the Ramnadi corridor have been described.  
 The history of local governance in India 
Governing stream corridors in order to manage flood risk is the responsibility and prerogative 
of the actors who have power. Throughout history, with the coming and going of regimes and 
laws, these actors have changed. Traditionally, local self-governance has been the norm in 
the Indian sub-continent in the form of the Panchayati Raj. This form of local government which 
is participatory in nature would ideally have the power to govern stream corridors. The 
Panchayat (assembly of five) is a body of five elders chosen by the locals. They are entrusted 
with several duties and decision making powers. Holding of regular community meetings to 
work on governance issues has been an integral part of the Panchayati system. 
This local governance system has co-existed within kingdoms and without. Wars might have 
led to transfer of power at a macro and meso level from one ruler to the other, but the 
Panchayat has continued governing in its locality regardless. Their authority was 
acknowledged by the kings. Even during the Muslim rule of India, the village continued to be 
the smallest level of government and the panchayats continued in parts of the country, albeit 
in a weaker capacity due to a highly centralized and autocratic environment (Mathew, 1995, p. 
191). The powers of this institution were further curtailed during the British rule as local 
governance owed its power to the higher ups rather than to the grassroots. 
In the post-independence period, the government continued to be top heavy. Various 
committees over the years, like K. Santhanam Committee (1963), Ashok Mehta Committee 
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(1978), G.V.K. Rao Committee (1985) and L. M. Singhvi Committee (1986) proposed a more 
participatory approach. This was constitutionally realised through the 73rd and 74th 
constitutional amendment which introduced democracy at the grassroots level through the 
institution of local bodies. Participation at this level has been further promoted through 
schemes like JnNURM (Jawaharlal Nehru National Urban Renewal Mission) which require 
public consultation and approval for execution of projects. 
 Institutional framework for urban flood management in India 
Responding to the 2006 Mithi River floods in Mumbai, the Ministry of Urban Development 
(MoUD) has formed the “National Disaster Management Guidelines: Management of Urban 
Flooding” (an overview can be found in Appendix 6 which describes the institutional structure 
in place for managing urban floods. As described in these guidelines, the National Disaster 
Management Authority (NDMA) is the apex body in India responsible for disaster management. 
Its responsibilities include formulating policies, plans and guidelines for disaster management 
and ensuring their implementation and enforcement. It commands vast resources for rescue 
and relief, apart from the National Disaster Response Force (NDRF). All states and union 
territories are required to create a State Disaster Response Force from their armed police 
battalions. Similarly, there are State Disaster Management Authorities and District Disaster 
Management Authorities at those respective levels. The DDMA is headed by the district 
magistrate with the elected head of the local body (e.g., Mayor for a city) as the co-chairperson. 
The Civil Defence is a body under the Ministry of Home Affairs which is engaged in training of 
citizens for volunteering during flood events and increasing public awareness. The government 
of India has approved the proposal to make civil defence district centric.  
The efforts of the above mentioned institutions are supported by ministries like Home Affairs, 
Environment and Forests, Water Resources and Urban Development. The JnNURM 
(Jawaharlal Nehru National Urban Renewal Mission) is the biggest programme of the 
Government of India in the urban sector. Activities like storm water drainage, bank 
maintenance are funded through this scheme. In order to access funds under JnNURM, the 
urban local bodies are required to prepare City Development Plans (CDPs) and Detailed 
Project Reports (DPRs). Further funds are given upon the utilization of previously allocated 
funds. The 74th constitutional amendment act (1992) strengthened municipal governance by 
decentralizing power and tax collection. Thus the Urban Local Bodies are responsible for all 
disaster management efforts. They are responsible for preparing city disaster management 
plan, storm water plans, and strategic environmental assessment. The Pune Municipal 
Corporation prepares a disaster management plan and a strategic environmental assessment 
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report every year. Storm water drainage plan has also been prepared. All these plans are made 
available on the PMC website for public consumption. 
In the Pune Municipal Corporation (PMC), the departments which work towards flood 
management are as follows: 
- Fire Brigade Authority 
- River Improvement and Garden Superintendent Department  
- Pune Mahanagarpalika Parivahan Mahamandal Ltd. (Public Transportation Dept.) 
- Health Department 
- Vehicle Department  
- Public Relation Department  
- Education Department  
- Electricity Department 
- Irrigation Department 
 Flood governance and participation in the stream corridors of Pune 
Governance at macro and meso levels has bearing upon the resilience of urban stream 
corridors, but governance at the micro level can respond directly and promptly to challenges 
and hence can have a very relevant impact. To give an overview of the participatory 
approaches in the stream corridors of Pune, the examples of Ramnadi and Devnadi have been 
provided. The background on these two stream corridors along with an account of the changes 
that have taken place in their governance due to issues related to flood and urbanization have 
been presented in this chapter.  
5.3.1 The Ramnadi 
In Pune, the Ramnadi (Ram River) is a fourth order urban stream which has seen deterioration 
over the past twenty years. The Ramnadi is a tributary of the Mula River. It originates in the 
Sahyadri mountain ranges on the west of Pune city (see Figure 13). It has three reservoirs, 
namely Manas Lake, Bhugao Lake and Pashan Lake. It was classified as a brook by the Pune 
Municipal Corporation (PMC) in the Draft Development Plan for the 23 villages (Pune Municipal 
Corporation, 2005). It is a rain fed river with peak discharges in the Monsoon season. 
The floods 
In 2007-8, after unprecedented flood, the Collectorate carried out a survey and listed 29 
encroachments along the river. However, civil activists interviewed by the researcher claim 
that no concrete action was taken. It is also worth pointing out that the encroachments marked 
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in this survey were marked on the basis of the red and blue flood lines. Ar. Aneeta Gokhale 
Benninger of the Centre for Development Studies and Activities (CDSA) takes a strong 
objection towards the use of these flood lines, as in many instances, the flood lines fall within 
the natural channel of rivers. Thus, she advocates for making the natural channel of the river, 
the prohibitive zone (the zone in which no construction is allowed). For several Indian rivers, 
the boundaries of the natural channel can be marked by marking the points where the gradient 
suddenly flattens in the cross profile of the river. Series of such points along the bank, when 
connected, give the boundary of the river. 
On the 29th of September 2010, Pune received heavy overnight rains which caused flooding 
in Ramnadi. In Saikamal Residency, which is a housing society close to the Ramnadi, the 
water entered homes and rose by 5 feet in 15 minutes. 32 cars were washed off. The 
constriction of the stream channel led to the flowing of water over the bridges and banks which 
lead to the death of a student in Bavdhan and 9 more people downstream (Kulkarni, 2010).  
In October 2011, the Municipal Commissioner of Pune, Naresh Zurmure ordered the Irrigation 
department to demarcate the floodlines of the Ramnadi with the aim of demolishing the 
constructions that fall inside the lines. Many such steps taken in response to the flood event 
by the PMC and other actors including the locals has changed the governance structure of the 
Ramnadi corridor over the years following the 2010 flood. The following section traces the 
developments and their effect on the governance structure. 
 
Figure 36: Mayor of Pune at the Ramnadi agitation in April of 2011 
(Source: Dhakappa, 2011) 
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Changes in the governance structure of the Ramnadi 
 
Figure 37: Governance Structure in the Ramnadi corridor in 2010 
Up until the floods of September 2010, the involvement of the public in the management of 
Ramnadi’s corridor had been very low. Encroachments on the stream channel had already 
started in the first decade of the 21st century. However, there was a strong case of the 
reinforcing feedback loop R (as shown in Figure 43, page 113) which led to the public 
increasingly relinquishing their power which got claimed by private developers. In 2007, the 
District Collector of Pune did release a list of encroachments (as reported in the Times of India 
article on 04.08.2007 titled, “DC releases list of Ramnadi encroachments”), but no further 
action was taken due to the private developers having secured all permissions prior to 
construction. He assured legal action against the private developers and the officials who gave 
them permission. How the private developers got permission to fill up the river bed and 
construct on that land is up for speculation, but as the citizens did not take the initiative to 
create a third party interest litigation and sue the private developers by approaching the 
consumer forum, the act went unpunished. 
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This lost opportunity demonstrates the importance of public participation in developing 
countries coping with rapid urbanization, where authorities often are either overwhelmed or 
disinterested or corrupt. Participation, apart from increasing accountability of authorities, can 
also be a much needed source of support. Unclear laws can be ironed out and lack of 
enforcement can be rectified by authorities with public participation (further elaboration of this 
point is presented in point ‘c’ of heading 6.2.3.2 on page 122).  
 
Figure 38: Governance Structure in the Ramnadi corridor in 2016 
Comparing the governance structures in 2010 and in the present (2016), one can see that 
there has been a marked change in the way the public has engaged with the other actors and 
the corridor. In 2010, many residents along the Ramnadi who had settled there over the past 
20-15 years hardly knew of the existence of the Ramnadi. As Smt. Indu Gupta, the most active 
resident now who is fighting the case against encroachment on the Ramnadi says, “In the 
brochure of the society (which is given to prospective home buyers), there was a mention of 
Ramnadi to attract home buyers, but we did not know where the Nadi (river) is. It was just like 
a Nala (drain), and we never paid any attention to it. But in 2007 rain, the whole area got 
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flooded. Water did not come in the houses, though. That time we became aware that there is 
a river.” 
Several changes took place in the governance structure of the Ramnadi corridor due to the 
floods. Locals like Smt. Indu Gupta living along its banks who weren’t even aware of the 
existence of the stream suddenly woke up to its potential. Thus these new actors became a 
part of the governance structure. These locals found a reliable and empowering partner in 
NGOs like Jal Biradri. The community deployed itself in various ways to deal with the aftermath 
of the floods. Neighbours helped by accommodating the flood affected residents and took turns 
in cooking food for the ones with damaged kitchens for around a month. The president of the 
colony (who incidentally happens to be Smt. Indu Gupta, one of the worst affected) contacted 
the concerned authorities and got the electricity and water connection fixed within 3 days. The 
mayor reached to placate the locals, but they claim that there was no follow-up. Under the 
guidance of Jal Biradri, the locals approached both the PMC and the District Collectorate (as 
some parts the banks fall within the limits of the PMC and some, the Collectorate) to desilt and 
widen the Ramnadi. However, no action was taken. Finally, the locals decided to up the ante 
and started an agitation demanding removal of the encroachments and the debris which were 
constricting the stream channel. Sit-ins were organized and hunger strikes were held, which 
caught the attention of the authorities who rushed to placate the locals (see Figure 36). The 
City Engineer, Mayor and local Corporator visited them in public and assured that they will take 
action, and they did.  
Since then, the locals have formed Area Sabhas (Ward Councils) in which the citizens get 
together to decide on issues related to local governance. In late 2014, members of the Baner 
Area Sabha noticed encroachments by private developers in the form of retaining walls on the 
Ramnadi. The Corporation was approached but no action was forthcoming. Dissatisfied with 
the response from the Municipal Corporation, the locals have approached the National Green 
Tribunal (NGT) with their grievances in March 2015. The NGT till now has delivered orders to 
the private developers, the Corporation and the Irrigation department to remove the 
encroachments and demarcate the boundaries of the Ramnadi along with the Blue and Red 
floodlines. The case is still underway. Through the institutions like the Bavdhan Are Sabha, 
greater co-ordination between the locals, activists and NGOs has been achieved. 
Thus, in the Ramnadi, the floods have caused huge damages to life and property, ranging from 
water logged residences and cutting of roads to deaths. The problems have been complicated 
by slow recovery, courtesy delays in dredging, discontinuity of water supply, etc. (Khot & 
Bende, 2011). The citizens’ agitations caught the attention of the civic authorities and their 
voice was powerful enough to make the mayor personally address their gathering. Hence the 
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Ramnadi flood is a good example of a disaster being used as an opportunity for making a 
social-ecological system resilient through governance attributes like public participation. The 
Pune Metropolitan Region Development Authority (PMRDA) has started working on a River 
Improvement Plan for the Mula, Mutha and Ramnadi rivers in 2016 which can benefit greatly 
from participation. It should be viewed as a golden opportunity to engage the public in the 
management of the Ramnadi corridor and create a model which could be emulated in other 
cases in India. 
5.3.2 The Devnadi 
 
Figure 39: Urbanization in the Devnadi basin near the Mula River 
(Built up areas shown in black) (Source: Own compilation based on base map and urbanization data 
from Bhuvan: Gateway to Indian Earth Observation http://bhuvan.nrsc.gov.in/) 
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The Devnadi is a stream which flows through the areas of Sus and Baner and drains in the 
Mula River. Its basin has seen rapid urbanization over the past 20 years or so (see Figure 39). 
This has led to soil sealing and greater peak discharges. Another major issue with the Devnadi 
is its channelization which has been done at several places since 2011 by utilizing the 
JNNURM funds (JNNURM, 2012). This channelization prevents the riparian floodplains from 
acting as natural reservoirs. Thus they cannot gradually accommodate and later release the 
flood waters. This leads to water logging and floods when the flow exceeds the limits of the 
channel. Dumping of construction debris in the stream has also reduced its carrying capacity. 
Citizens’ efforts 
Previously, in 2009, the residents of Baner had undertaken tree planting exercises and de-
weeding along the stream (see Figure 40). This not just fostered a community feeling but also 
prevented encroachments. Later, as suggested by Magsaysay award winner Dr. Rajendra 
Singh, the residents also undertook the construction of check dams on the stream to raise the 
water table (see Figure 41).  
 
Figure 40: Dr. Rajendra Singh Inaugrating the Devnadi grove 
(Source: Anupam Saraph, 2009) 
All these activities were foiled by the PMCs plan to channelize the river. The width of the 
channel was reduced from 60 metres to 1 metre. Prominent citizens argued that this was not 
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in compliance of the development plan (Attarwala, 2011). Acting on the Public Interest 
Litigation (PIL) filed by the Baner Area Sabha under Dr. Anupam Saraph, a three-member 
expert committee set up by the Union Ministry of Environment and Forests (MoEF) visited the 
Devnadi and travelled all along its course (DNA, 2011). They concurred that channelization 
and encroachment has led to the deterioration of Devnadi and made it flash flood prone. 
Environmentalists have proposed various solutions for the stream. The previous efforts like 
plantation exercises and check dams were effective and prevented devastating floods in 
Devnadi while other channelized streams in Pune flooded. The experiences from the Devnadi 
example have helped in drafting the River Conservation Bill, 2015. 
 
Figure 41: Citizens building check dams on Devnadi 
(Source: Saraph, 2011) 
 Remarks on the changes in flood governance seen in the case study 
The importance and efficacy of local governance and local action is acknowledged by the 
government in India and is time-tested. After a brief period of departure from this ethos, there 
has been a clear movement back towards it. This movement has happened from both ends of 
the governance structure. At the top end, the central government has devolved its powers and 
empowered urban and rural local bodies, while at the bottom end, citizens are getting more 
aware and are investing their time and energies in governing their spaces.  
Stressors like floods jump-start the process of changing the governance structure. They 
expose weaknesses in the existing setup and responsible governments use this to bring about 
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policy changes. This view has been widely echoed in literature of resilience in which the 
capacity to view disaster as an opportunity for learning is considered an attribute of resilience. 
Vale & Campanella (2005) elaborate on how San Francisco changed for the better after the 
earthquake of 1906. Gunderson (2010) says that learning from flood events can be termed as 
episodic learning which occurs when previous models or schemes are no longer tenable 
because of a single event or crisis, in this case, floods. Thus each episode of flood creates 
chances to learn from the experience. Structures and processes within the city can be changed 
as a result and the knowledge base can be widened. Thus diverse coping strategies are 
accumulated over time  (Folke, 2006). This also ensures that the big floods do not hit that hard. 
On the other hand, flood control infrastructure (as opposed to flood resilience approach) 
successfully prevents most minor floods, but when the major floods strike, lessons are learnt, 
but at a cost (Liao, 2012).  
This chapter demonstrated how the abovementioned phenomenon, of a disaster acting as a 
catalyst for change and as a learning experience, has been reflected in the case of India. In 
India, the floods in the Mithi River in Mumbai caused the central government to frame 
guidelines for the management of urban flooding. Similarly, floods also raised awareness 
among stakeholders and nudged them into becoming active and responsible actors. The spike 
in public participation in the Ramnadi after the 2010 floods was presented as a case in point. 
Thus, these observations coming out of this research have buttressed the link between 
stresses (like floods) and learning. Thus, the first hypothesis, which claims that flood events 
act as drivers for bringing about changes in the governance structure, has been vindicated. 
What remains to be seen is how this participation can be harnessed and maintained. The 
following chapters will be dedicated to this endeavour. 
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Peace comes from within: let the bhikkhu not seek it without.  
- Gautama the Buddha, essentially advocating in Tuvatakasutta (aphorism 919) for a 
focus on policy levers within the system to find solutions; pointing out that, “a stress 
may be coming from outside, but the unproductive reaction of the system comes from 
the way it is structured and not from the outside” as remarked by Donella Meadows 
(Meadows, 1991) around 2500 years later. 
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In the fourth chapter, the social-ecological system of the Ramnadi corridor was presented 
while the changes that occurred in the governance structure post the 2010 flood event were 
described in the fifth chapter. Based on the study of these changes, the causal relationship 
between certain actions and food resilience can be understood. This has been endeavoured 
in this chapter. The aim is to understand the ways in which public participation has contributed 
to flood resilience. A causal loop diagram has been used for the same. 
 The need for a Causal Loop Diagram 
As this is a single case study based research which banks on analytic generalization, providing 
an explanation of the causal link between governance attributes like public participation and 
flood resilience and basing the recommendations on that is imperative to ensure the 
generalizability of the recommendations. For this, an understanding of the governance 
structure of the Ramnadi corridor is needed. This means not just knowing the actors and 
institutions (as shown in Figure 37, page 100 and Figure 38, page 101) and how they have 
changed over space and time, but also an understanding of how their actions affect each other 
and the stream corridor.  
Understanding the dynamics of the stream corridor and presenting them calls for the use of a 
model which can encompass the dynamics of the complex adaptive system under 
consideration and can present them in a lucid format. This model has to be such that it can 
help describe the system and help understand it. Simple narration fails on both these counts 
as it tends to get tedious to describe and complex to understand. A visual depiction which 
captures the interactions (at least the relevant ones) on one paper certainly helps in this 
regard. In system dynamics, causal loop diagrams and stock-flow diagrams are frequently 
used for the same. System modelling softwares like STELLA, iThink, PowerSim and Vensim 
use these diagrams to simulate system dynamics.  
Causal loop diagrams are more basic than stock flow diagrams, but are also more intuitive 
(Takahashi, 2006). They are conceptual and make more sense in cases where the dynamic 
properties of each variable are not known. Stock flow diagrams, as a rule, are better than 
causal loop diagrams. However, in this thesis, the intention is to understand the relations 
between actions; something that does not require a quantitative input. This reduces the need 
for a stock flow diagram. With limited data, a complete stock flow diagram cannot be 
presented. Besides, it would unnecessarily complicate the model, which will defeat the 
purpose of having a model in the first place. Hence a causal loop diagram has been used in 
this thesis. 
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The causal loop diagram will be used to understand and explain how public participation 
affects the governance structure and flood resilience. In this chapter, only the existing causal 
links have been discussed. The worthiness of promoting governance attributes in the Ramnadi 
and Devnadi due to the potential gains in flood resilience will be discussed in chapter 7. 
 Causal Loop Diagram  
Causal Loop diagrams (CLDs) have long been used in standard system dynamics practice for 
purposes connected with simulation modelling (Binder, et al., 2004). A Causal Loop Diagram 
aids in visualizing how various variables in a system are interrelated. It depicts actions or 
events and the causal relation between them. It finds application in works based on systems 
theory as a model which gives an overview of the feedback loops and influences that can be 
seen in the system under consideration. Of course, in the case of Complex Adaptive Systems 
like Stream corridors, depicting all the causal links and actions would be confusing, apart from 
being impossible, as by definition, complex adaptive systems are complex. Thus a complete 
understanding of the system cannot be had. Hence, only the causal links which are pertinent 
to the research are shown. This means setting limits to the detail and spread. The limit to the 
detail is determined by the resolution that is being dealt with in the research. The level of 
administration and the type of actions represented in the diagram determine this resolution. 
The researcher should strive to include all the causal links pertinent to the research at the 
given resolution whilst being aware of the possibility that some causal links might have been 
missed. The limit to spread is determined by the physical and administrative boundaries of the 
case study. 
6.2.1 Use of Causal Loop Diagram in this Thesis 
This research uses causal loop diagram to illustrate the effects of actions of actors, primarily 
the local residents, on the resilience of the stream corridor of Ramnadi to floods. This diagram 
is depicted in Figure 41 on page 113. The causal links have been displayed as arrow-like arcs 
with ‘+’ and ‘-‘ signs at the effect end. The plus sign at the end of the arc depicts an enabling 
causation, that is, the causing action leads to the resulting action. A negative signed arc 
depicts an inhibitive causation, that is, the causing action hinders the occurrence of the 
resulting action or phenomenon.  
Some arcs have a discontinuity in them in the form of two parallel oblique slashes. This shows 
that the cause-effect dynamic plays out over a longer period of time. Hence the feedbacks 
from results of the action on the system will come in the long term. Acknowledging this factor 
is extremely important if the decision makers want to avoid taking regressive and 
counterintuitive decisions which might have disastrous and hard-to-fix long term 
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consequences. Politicians tend to not have a long term vision as they view the next election 
as their first priority; which is fair. The public too has not just a short term vision but also a 
short term memory. This is especially true of the urban public in urbanizing areas as it is not 
as invested in the surroundings culturally and historically. Hence it falls upon the NGOs, the 
intelligentsia and the bureaucracy to see the bigger picture and look farther into the future.  
The Ⓡ and Ⓑ symbols denote reinforcing and balancing feedback loops. Reinforcing 
loops are the ones in which an action leads to results which lead to more of the same action. 
For example, a chicken laying eggs leads to more chickens that lay more eggs. Balancing 
feedback loops lead to results which counter the action causing the results. Anti-incumbency, 
which is the increasing aversion of the people to a party the longer it stays in power, is an 
example of a balancing feedback loop, as the longer a party stays in power, the higher are the 
chances of it getting voted out, leading to limits to the number of times it gets re-elected.  
The causal loop diagram is a useful tool for understanding the effects of changes in the 
governance structure (these changes have been shown in Figure 37 and Figure 38) on flood 
resilience. The diagrams of the governance structures in 2010 and 2016 aid in answering the 
first research question, while the causal loop diagram helps in answering the second one. This 
is because it can help the researcher do a temporal ‘before-after’ analysis of the governance 
structure in the Ramnadi corridor, that is, analyze how the changes in the governance 
structure over 2010 to 2016 have affected the resilience of the Ramnadi corridor to floods. 
This analysis is reflected for the most part in the causal links that make up the diagram – in 
the causal links, their direction, and their sign (positive or negative). In one visual depiction, it 
gives an overview of the factors that can affect the translation of participation into flood 
resilience adversely or positively. Social-ecological systems like stream corridors, on account 
of their being complex, are prone to being counterintuitive. Hence it becomes especially 
important to depict the feedback loops as they can give rise to this counterintuitive outcome 
to the actions of actors. Solutions which factor in these feedbacks tend to be successful in 
achieving the desired goals. 
An advantage of causal loop diagrams is that they help visualize the archetypes in a system. 
Archetypes are patterns of interactions commonly observed in systems. Some archetypes 
have been formally named. Examples are Fixes that fail, Tragedy of the Commons, Limits to 
growth, Escalation, etc. At this point, it is germane to state that while identifying archetypes in 
a system is an academic exercise which has significant real world value, many actors are 
aware of the feedback loops and act with due recognition of them without knowing which 
archetypes these feedback loops represent. They might have no knowledge of archetypes 
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and systems theory, but they have knowledge of their system and have experience. Thus, 
knowledge of systems theory and archetypes is not a prerequisite to understand a particular 
system, but it definitely helps in understanding all systems. An example which would help in 
understanding how theoretical knowledge is not a prerequisite for sound practice is Language. 
Native speakers of a Language speak with perfect grammar without being aware of the rules. 
Similarly, experienced and wise actors might act while factoring in feedback loops, even if they 
don’t know the theory of systems. 
6.2.2 The importance of identifying archetypes 
Knowledge of archetypes is essential to systems thinking as it can help describe the nature of 
the problem in the system. When systems are viewed with archetypes in mind, an insight into 
the system can be obtained which would have hitherto been elusive. In fact, a phenomenon 
could represent multiple archetypes, and identifying them could give a more holistic 
understanding of the issue. Forecasts and planning rely heavily on statistical tools like trend 
projection. However, systems archetypes provide the planners with an additional analytical 
tool. By identifying archetypes in systems, the decision-makers can better foresee the 
consequences of certain actions and can plan accordingly.  
From the example of streams in Pune, one of the common archetypes that can be seen is 
Fixes that Fail. For example, through the JNNURM (Jawaharlal Nehru National Urban 
Renewal Mission) funds were provided by the Central Government for infrastructural work. 
Using these funds, the Municipal Corporation decided to channelize the streams of Pune with 
concrete channels for flood protection. This would have had adverse effects not just on the 
groundwater and the environment, but also would have result in devastating floods if the water 
flow would ever exceed the carrying capacity of these channels; a very possible scenario given 
urbanization induced soil sealing and climate change. Some would argue that this was done 
to extract more land for real estate. However, in the long run, the space for real estate will 
diminish when the encroached floodplains get flooded. 
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Figure 42: Fixes that fail archetype as seen in concretization of stream channels 
In the above diagram, it is evident that concretization will lead to more space for Real Estate. 
However, it also reduces the robustness of the stream corridor to flood effects as it raises the 
chances of floods downstream, runs the chance of failing miserably when it fails and gives the 
residents a false sense of security. Thus, when it floods eventually (the causal arrow has been 
shown with double dashes to denote the delayed response), the space for real estate 
diminishes. Only then does concretization stop. However, an awareness of these potential 
side-effects can lead to timely fixes that do not fail. This awareness is aided by the knowledge 
of archetypes, as they orient the mind towards considering even long-term feedback loops 
and foreseeing counterintuitive effects.  
It is telling that the person who opposed the channelization of streams and who lodged a 
Public Interest Litigation (PIL) against the same is Dr. Anupam Saraph, an internationally 
renowned expert on systems theories. His guidance has been instrumental in the Devnadi 
case as well as the Ramnadi case. The Area Sabhas (groups of citizens who manage their 
districts) in Pune were also initiated by him. These Area Sabhas, especially the Bavdhan Area 
Sabha, have been instrumental in various conservation activities. 
The nodes, linkages and feedback loops which are pertinent to the flood resilience of Ramnadi 
have been identified In Figure 41 and described. While describing the feedback loops, the 
archetypes seen in them have also been discussed. 
6. Understanding the Causal Links between Governance Attributes and Flood resilience 
113 
 
6.2.3 Explanation of the causal loop diagram of governance of the Ramnadi corridor 
 
Figure 43: Causal loop diagram of governance of the Ramnadi corridor in 2016 
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The causal loop diagram depicted above presents the factors and actors which affect the flood 
resilience of the stream corridor of Ramnadi, with the spotlight on participation. This diagram 
has been arrived upon by analyzing the data gathered through interviews, researcher’s on-site 
observations and document study. The interviews have helped understand how the actors (that 
is, the interviewees) have acted in the stream corridor and how they view the actions (or 
inactions) of other actors in the stream corridor. These acts are essentially the causal links that 
have been displayed in the causal loop diagram and they have been arrived upon based not 
just on the interviews mentioned above, but also upon factoring in the researcher’s on-site 
observations and document study. Thus this is how the interviews and other data have been 
used to make the causal loop diagram of governance of the Ramnadi corridor in 2016. 
The diagram contains nodes and linkages. The nodes shown as boxes are either parts or 
properties of the governance structure. The linkages, shown as curved lines with “+” or “-“ sign 
at the effect end are the causal lines indicating the type of relation between two nodes. In 
certain instances, a loop of nodes and linkages is also seen, which is called a feedback loop. 
In system dynamics, the nodes are essentially the building blocks of a system. For example, 
in an ant colony, every ant would be a node. However, just information about all of the nodes 
that make us a system is grossly insufficient to get an understanding of the system. As the 
phrase goes, the whole is greater than the sum of the parts. Thus, a thorough knowledge of 
the physiology of an ant doesn’t help one much when one is trying to understand how an ant 
colony works. For that, an understanding of the interactions of the ants is required. The 
interactions matter more than the nature of the units. Studying individual ants will never (one 
can safely say never for most such situations), never give us an idea on how the ant colony 
operates (Taleb, 2016). These interactions between various nodes have been called linkages 
in this thesis. Every linkage in the causal loop diagram has been assigned a letter to make 
identification easier. Apart from solitary nodes and linkages, studying the feedback loops in a 
causal loop diagram goes a long way in helping one understand the system that is being 
represented in the CLD. Studying feedback loops is extremely important in systems analysis 
as it helps identify archetypes in the system and lays bare the counterintuitive effect that certain 
decisions can have. Basically, it helps decision makers take informed decisions. Following is 
an explanation of each node and linkage and the relevant feedback loops in the diagram.  
6.2.3.1 The nodes 
Based on the observations made by the researcher and study of the collected data, the nodes 
in the causal loop diagram have been determined. Each node has been given a number in 
order to help the reader navigate between the diagram and the explanation.  
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1. Public Participation in Management of Stream Corridor 
As discussed in chapter 2.6.3, the type and extent of public engagement falls on a spectrum, 
from nominal information sharing to actual management. In the Ramnadi corridor, the actors 
that make up its governance structure along with the prevalent conditions and demands of the 
social-ecological system have shaped the way participation has manifested. 
Public participation in the Ramnadi corridor has been seen through the actions of actors like 
Smt. Indu Gupta, Dr. Pragathi Kaushal, Shailendra Patel and Architect Sarang Yadwadkar. 
The Bavdhan Area Sabha (a group of the residents of Bavdhan which is a quarter in Pune city 
through which the Ramnadi flows) is an institution through which participation has been 
operationalized. Following is an sketch of the relevant actors and an explanation of the roles 
played by them: 
- Smt. Indu Gupta has been at the forefront of participation. Her home was flooded on the 
night of 29-30th October 2010. Her actions include taking the encroachers and the authorities 
to court, being an active member of the Bavdhan Area Sabha (BAS) and encouraging villagers 
who live upstream to take conservation action in the Ramnadi corridor. 
- Dr. Pragathi Kaushal has been the prime motivator and support to Smt. Indu Gupta in 
recovery from the flood of 2010 and in the NGT case. She is a resident of the Ramnagar 
Colony and also active in the BAS. 
- Mr. Shailendra Patel is a resident of Bavdhan. He is a full time government employee, who 
spends most of his spare time and even his own funds to improve the lives of people through 
environmental conservation. He has spearheaded many activities like Ramnadi bank 
maintenance and cleanup.  
- The Bavdhan Area Sabha is a group of aware and active residents of Bavdhan. Its origins 
can be traced back to the mobilization and raised awareness of residents of Bavdhan after the 
floods and inspiration from a similar initiative in Baner (another area of Pune) by Dr. Anupam 
Saraph called Baner Area Sabha. The BAS is a platform for discussion, mobilization and 
spreading awareness which functions through a WhatsApp group, a Facebook group, regular 
meetings and social and cultural events. 
- Villagers of Bhukum 
The villagers of Bhukum live along the uppermost riparian section of the Ramnadi. Hence, 
what they do with the corridor of the Ramnadi affects its ecology in the stretch that follows 
which includes the part of the Ramnadi falling within the PMC limits. The villagers have already 
participated in an activity related to the management of the water resource in Bhukum. They, 
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under the guidance of Mr. Shailendra Patel, have dug shallow wells and have limited their 
groundwater extract in order to maintain a satisfactory ground water level. However, it took a 
severe water shortage for them to spring into action. Various organizations like the Gayatri 
Parivar are trying to get the villagers to act through effective dissemination of information and 
awareness in order to prevent the occurrence of a flood. 
- Architect Sarang Yadwadkar 
Ar. Sarang Yadwadkar is a socially aware citizen who has spent his time and money in 
(successful) efforts to conserve the rivers of Pune and their corridors. He has challenged the 
decision of the PMC to construct a road along the Mutha River, in court, and has received a 
judgement in his favour. He is also one of the applicants in the case against the encroachers 
of Ramnadi which is in the National Green Tribunal. 
2. NGO Involvement 
NGOs like Jal Biradri, Tarun Bharat Sangh and Gayatri Parivar have been involved in the 
Ramnadi case pre and post the floods of 2010, although the nature of their involvement has 
changed after the flood event. They have also been active in the Devnadi corridor, and some 
lessons from that case are pertinent to stream corridors all over India. NGO activists like Sunil 
Joshi, Vinod Bodhankar and Shailendra Patel have actively guided the locals in redressal of 
their grievances. Dr. Rajendra Singh, the water man of India has also personally visited, 
motivated and guided the residents of Ramnagar, a locality situated along the Ramnadi. There 
are also organizations like the Centre for Environmental Education (CEE) which assist the 
PMC in the education of citizens and are involved in conducting pilot projects like the Pashan 
lake biodiversity tour. 
3. Environmental Degradation 
Environmental degradation can be in various forms. For example, it can occur through the 
constriction of the river channel. Constriction can result from construction within the floodplain 
or within the river itself, or dumping of construction debris and such garbage in the river bed. 
Dumping of debris results in a reduced cross section and throwing waste like plastic or cloth 
results in blockages due to accumulation of such material at certain points along the river 
during floods. Another form of environmental degradation is loss of biodiversity and green 
cover. When this happens, the value of the river in the eyes of the locals reduces and this 
results in neglect. The causes and effects of neglect have been dealt with later in this chapter. 
4. Bavdhan Area Sabha 
The Bavdhan Area Sabha, as described in the first point above, is a group which spearheads 
participation in Bavdhan, an administrative ward in Pune. It finds a mention in the causal loop 
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diagram as it is an important manifestation of public participation and deserves a place on the 
diagram. 
5. Negligence of Locals 
Although the inverse relationship between negligence of locals and public participation is rather 
straightforward, it has been depicted in the schematic nonetheless, primarily because the 
inverse relationship between resilience and negligence of locals merits elaboration. Resilience 
leading to lesser participation sounds counter-intuitive, and needs to be broken down in order 
to make it more palatable. How introducing “negligence of locals” in the schematic aids in 
understanding this relationship has been explained under the appropriate heading later in this 
section. 
6. Environmental Education 
The citizens, especially of a growing city, are prone to being busy with their own lives and 
unaware of their surroundings. This was seen in the testimony of Indu Gupta and Dr, Pragathi 
Kaushal, when they remarked that before the floods of 2010, they were hardly aware of the 
existence of Ramnadi. Even when they are aware, lack of understanding how certain 
developments will affect their surroundings and their lives can lead to indecisiveness and 
inaction. This can be seen from the case of Bhukum, the village near the source of the 
Ramnadi. When faced by drought, the village’s water woes were solved only when Mr. 
Shailendra Patel educated them about the importance of water conservation, staying away 
from deep bore wells and use of shallow wells. Now, the village is witnessing construction 
within the stream channel and its diversion. No action has been taken by them as of yet, and 
efforts are on to educate them about the implications of these developments so as to motivate 
them to raise their voices.  
Environmental education can be dependent on disastrous events as seen from the cases 
mentioned above or can, as a part of state policy be implemented through schools and colleges 
and municipal or ward level activities.  
7. Court/NGT Orders 
A court order is an effective tool for setting the bureaucratic wheels in motion, as it wields great 
power over civil servants as well as elected representatives. Citizens can approach the courts 
or the NGT (National Green Tribunal) which has been specially set up to deal with 
environmental issues, and has the status of a High court which occupies the second highest 
rung in the hierarchy of courts in India. Public servants like municipal officials are duty-bound 
to execute court orders. Failure to do so can result in contempt of court and subsequently, 
legal action. 
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8. Proactive Politicians 
Elected representatives who are in touch with ground realities and the issues and demands of 
the constituency they represent, and who accordingly act to address the issues and demands 
of the public can considered as proactive. Through this diagram, the aim is to understand what 
affects the proactivity of politicians and how their proactivity affects flood resilience. 
9. Accountability of Officers 
In the context of the city of Pune, officers includes the elected officials like Nagarsevaks (City 
corporators) and Gramsevaks members of the Zilla Parishad and non-elected officials of the 
PMC, the PMRDA, the Collector’s office, the Irrigation department and the Zilla Parishad. Their 
accountability lies to the people of Pune, that is, they are responsible for providing the 
necessary services and/or assistance to the people of Pune using their expertise and the 
powers and resources given to them by the government. 
10. Clear Laws, Codes, Plans and Policies 
Laws, codes, plans and policies can lack clarity in many ways. Sometimes, they are left open 
ended, often intentionally, so that they can be interpreted to suit the given space and time. 
However, in a developing society, these things are often a work very much in progress. For 
example, Mr. Vivek Kharwadkar, the Chief Planner for PMRDA (Pune Metropolitan Region 
Development Authority) mentioned that the PMRDA is currently under section 42 of 
Maharashtra Regional Town Planning Act (as of May 2016), but a new act especially for the 
PMRDA is supposedly being drafted. This shows that the current act is lacking to some extend 
which delegitimizes the PMRDA to some extent. 
Laws can also be unclear when jurisdictions overlap. As seen in the case of the Ramnadi, a 
part of it falls within the PMC limits, the Zilla Parishad limits and the Collector limits. The 
Irrigation department too has powers to engineer the Ramnadi. Thus polycentricity, which is 
otherwise a desirable quality (see page 34), can have this side effect of lack of clarity as to 
whose plans and policies should be implemented.  
Laws can also be unclear if the bill which became the law was not debated well, leading to the 
passing of a poorly drafted bill which is found wanting when it becomes a law. Same can 
happen to codes, plans and policies when they are not drafted by competent and committed 
individuals. Also, to draft clear codes, plans and policies, a firm bedrock of clear laws is 
needed. 
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11. Impunity of Private Developers 
Private developers who view land solely as a source of revenue are prone to using unclear 
laws, as discussed above, to their advantage. Through their impunity, which stems from their 
financial might and negligence of the locals who should ideally be the custodians of the spaces 
being encroached upon, they can exert influence over officials and elected representatives. 
12. Rule Enforcement 
It is often said that the problem in India is not the absence of rules but the absence of their 
implementation. This has several reasons. One is that the ruled, i.e. the public which is at the 
suffering end due lack of rule enforcement and the entities which break the rules, are ignorant 
about what the rules are. Hence certain offences go unchallenged. The other reason is that 
public servants who are lax in implementation of the rules might not get punished for failing to 
carry out their duty. The third reason is that due to rapid urbanization and understaffed public 
institutions, the officials might not have the time and the resources to ensure enforcement in 
the area and the fields falling under their jurisdiction.  
13. Flood Resilience of Stream Corridor 
The desired output of any governance exercise considered in this thesis is flood resilience. 
This rubric has been further divided into the characteristics of resilience as discussed in section 
2.3.2. Thus the relationship between other nodes and specific characteristics of resilience can 
be depicted. Through the causal loop diagram, not just the causes, but the effects of flood 
resilience have been depicted too. This is necessary as it helps in recognizing feedback loops 
which are connected to the outcome of resilience. 
14. Flood Effects 
Floods do have positive effects, like making the floodplains fertile, but in urban stream 
corridors, the effects are overwhelmingly negative. Flood effects are a function of the flood 
resilience of the stream corridor. Floods affect the physical, social and economic subsystems 
of the stream corridor in the following ways. Floods cause loss of human life, spread of 
waterborne diseases, breakdown of communication links and infrastructure like roads and 
bridges, disruption of economic activities, loss of livelihood, reduction of land value, mental 
stress and psychological impacts. The environment can also get negatively affected due 
removal of vegetation and sedimentation due to floods.  
15. Potential Participants 
This node denotes the actors who would have the interest and capacity to participate. 
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6.2.3.2 The linkages 
The linkages that have been shown in the causal loop diagram have three components: the 
link between two nodes itself, the direction of the link and the sign (positive or negative). All 
three of these components in every linkage have been arrived upon based on the observed 
phenomenon in the Ramnadi corridor, literature (both theoretical and case-study based) which 
sheds light on the linkage under consideration, and common sense. Rival explanations have 
been factored in too. This has been described in the explanation of the linkage. Every link has 
been allotted an alphabet in order to help the reader navigate between the causal loop diagram 
and the explanation of the linkage. 
To establish a link, the effect of the affecting variable (node) on the affected variable (node) 
needs to be seen when the value of the affecting variable, both, increases and decreases. 
When there is no ambiguity, only then can the causation be established. This has been 
factored-in while establishing the causal links as can be read in the explanations of the same 
given below. 
a) NGO involvement is linked positively to public participation 
NGO involvement in the Ramnadi stream corridor has been seen through the involvement of 
the NGO “Jal Biradri” post the 2010 floods. The activists from Jal Biradri like Suneel Joshi, 
Vinod Bodhankar and Dr. Rajendera Singh himself were instrumental in motivating and guiding 
the locals, and thus bolstered their participation. In the words of Smt. Indu Gupta, “We did not 
get any help from anywhere, but, there is an NGO called Jal Biradri, they came and guided us 
and we started writing letters to the Collector, Ward office, Commissioner, Asst. Commissioner, 
wherever we thought we can get help. But nothing happened. In April 2011, Jal Biradri said, 
“enough is enough. The authorities are not doing anything. We have to do a Hunger Strike”, 
and this hunger strike is one of a kind for this type of work.” This demonstrates how NGO 
involvement has positively affected public participation, not just through raising their 
awareness but also through encouragement and guidance as to what form of participation 
would be the most effective; which is not surprising as this, along with litigation, is the modus 
operandi of most NGOs. The NGO Jal Biradri in this case helped the locals strategise 
approaches in response to the feedback (or the lack of it) from other actors in the social-
ecological system. 
Suneel Joshi made an interesting observation while talking about the approach that Jal Biradri 
is adopting to address the water related problems. He said that Jal Biradri is combining सतं, 
समाज, शासन (“Sant, Samaaj and Shaasan”, i.e. Saint, Society and State) to achieve the 
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desired outcomes. Here, he defines a saint as a person who works for the society without any 
expectations. Thus, he equates the social workers and NGOs to saints of yore as both work 
for the betterment of the people. This not only defines the role for him and his NGO, but also 
goes to show that tasks that NGOs do now-a-days have a historical precedent. It all comes 
down to the “saint” educating the people and showing them the path, and in the process, 
increasing public participation. 
Many a times, the locals who get affected by disasters lack the knowledge to recover fast, 
reduce losses and to prevent a reoccurrence. NGOs who have developed expertise in 
particular fields can educate the locals in various ways. In the modern context, Suneel Joshi 
remarks that the role of the NGOs is to effectively couple the requirements and concerns of 
the people with the government schemes, laws and provisions or revenue sources which will 
help address the concerns of the locals and fulfil their requirements. Thus effectively, Mr. Joshi 
conceptualizes that the role of the NGOs is to increase public awareness by exposing them to 
laws, rules and schemes and provide education and, as a result, increase public participation. 
Of course, this also means that in the process of increasing awareness, NGOs, through 
motivation and delegation of responsibilities, might also increase public participation through 
reducing negligence. Thus, apart from linkage “a” in the diagram, the “NGO - public 
participation” dynamic can also be expressed through linkages “k” to “m” to “b”. 
In the final summary of proceedings of the workshop organised by the WWF Danube-
Carpathian Programme on “Public Participation, NGOs and The Water Framework Directive 
in Central and Eastern Europe” (WWF/GWP, 2001), NGOs have been given the primary role 
in promoting public participation. One of the conclusions of this workshop is that NGOs have 
a key role in strengthening public awareness on water issues, as well as in empowering public 
responses to government actions, and organizing and leading public initiatives, which supports 
the linkage “k” and “m”. Vedeld, et al. (2015) list different instances where NGOs have been 
active in enhancing coordination of public and civic actors in flood risk management (Vedeld, 
et al., 2015, p. 305) and in enhancing local flood risk awareness (Vedeld, et al., 2015, p. 306). 
NGO involvement has also fostered participation in the Devnadi corridor by environmentally 
educating the youth of  Baner and Bavdhan. In 2011, Dr. Rajendra Singh, the water man of 
India and founder of the NGO Jal Biradri, visited Baner and Bavdhan and guided the locals as 
they constructed check dams and undertook tree plantation exercises along the Devnadi. 
Thus it has been shown in the causal loop diagram that NGO involvement is positively related 
to participation, that is, NGOs try to involve the public in the management and decision making 
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process. Thus NGOs positively affect public participation as they are effective in mobilizing 
and guiding the public for participatory measures. 
b) Negligence of locals is linked negatively to public participation 
Although this inverse relationship seems rather straightforward, it warrants some explanation 
in order to understand why negligence needs to be countered and how. Appropriate actions to 
counter negligence (and ignorance) are needed to ensure the success of any future 
interventions which bank on participation. 
When locals are negligent, motivating them to spend their time and money for public causes 
is difficult as they are ignorant about how their participation will be advantageous and more 
importantly, how their non-participation will be disadvantageous - to themselves and to the 
social-ecological system in question. There is a realization of this relation in social workers and 
NGOs, and hence they strive to remove the ignorance and motivate the locals. The following 
example from Bhukum, the village which is at the source of the Ramnadi illustrates this. The 
village was suffering from a drought-like situation due to the low water table. When explained 
why their non-participation was disadvantageous (without the oversight of the locals, private 
individuals were free to dig bore wells as deep as they wanted, which was robbing the ground 
of its water) and how their participation could be advantageous (strategically placed shallow 
wells could solve the water crisis), the villagers were aware and thus more motivated. This led 
to action on their part. 
c) Public Participation is linked positively to accountability of officers 
Government accountability means that public officials - elected and non-elected - have an 
obligation to explain their decisions and actions to the citizens (Bureau of International 
Information Programs (IIP), U.S. Department of State, 2005). Public participation can lead to 
the creation of channels through which authorities can effectively convey their decisions and 
actions, as well as receive feedbacks. Along with public participation comes the awareness in 
public officials about their accountability, thus furthering it. With a healthy amount of 
participation, the public can also aid the authorities in formulating courses of action and can 
also follow up on the progress. It is pertinent to point out here that this can be done in more 
ways than one. Apart from direct engagement, the public can also involve NGOs or even the 
court when deemed necessary, as has been illustrated in figure 41. As seen in the Ramnadi 
case, the petition filed in the NGT enforced accountability (linkage t, page 133) by making the 
Environmental ministry, the District Collector and the Municipal Commissioner the accused in 
the case along with the encroachers.  
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Mr. Vivek Kharwadkar, PMRDA’s (Pune Metropolitan Region Development Authority) Chief 
Planner shed some light on the relation between accountability and participation. He explains 
that sometimes, the government bodies are entrusted with a wide range of responsibilities, and 
if they are new and/or short staffed, they first perform the tasks which they deem important. 
This might not be in tune with the public’s priorities, and this is where participation comes in. 
In his words, the Ramnadi case is “a classic example where delivery system is augmented by 
an intervention”. He does add that this is not how governance should ideally function, and that 
judicial intervention should be ideally nil (the National Green Tribunal had to intervene in the 
case of Ramnadi to ensure that the encroachments are removed and the river is mapped).  
Through the case of Ramnadi, the PMRDA has been shown the importance of creating a 
detailed base map of the area under its jurisdiction. This is in progress now and the base map 
will contain the detailed natural drainage system of the area. Thus, one can see that 
participation can also contribute to accountability by exposing the authorities to not just the 
case-related problems but also the systemic requirements. 
Participation leading to accountability is an example of a governance attribute (in this case, 
participation) leading to increased resilience of a social-ecological system through promotion 
of another governance attribute (in this case, accountability). This indirect link between a 
governance attribute and resilience is something that can be further researched. 
As Vivek Kharwadkar said “our institution was grappling with the mammoth task of managing 
the urbanization process in Pune and in that context, we may be falling short in delivering even 
the basic services to the people in some places. So the issue of river conservation would 
probably be relegated to a secondary spot. But this is a classic example where delivery system 
is augmented by an intervention (intervention of the NGT which happened due to public 
participation). So I would say that governance, as a whole, has delivered in the case of 
Ramnadi and the system has worked.” 
d) Public participation is linked negatively to environmental degradation of the 
stream corridor 
The importance of public participation for maintaining the environment has been stressed upon 
directly and indirectly by many researchers and institutions. Principle 10 of the Rio Declaration 
of the United Nations recommends public participation to handle environmental issues 
(General Assembly, 1992). It says that Environmental issues are best handled with the 
participation of all concerned citizens, at the relevant level. It also adds, “On a national level, 
each individual should have appropriate access to information concerning the environment that 
is held by public authorities, including information on hazardous materials and activities in their 
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communities, and the opportunity to participate in decision making processes. States should 
facilitate and encourage public awareness and participation by making information widely 
available. Effective access to judicial and administrative proceedings, including redress and 
remedy, should be provided.” Thus, the Rio declaration, while acknowledging the usefulness 
of public participation in environmental conservation, also stresses on the importance of 
environmental awareness and access to the judicial system for translation of public 
participation into environmental protection. The United States Environmental Protection 
Agency (EPA) has also published a Public Participation guide (EPA, 2017), and given that the 
mandate of that body is environmental protection, the public participation-environmental 
protection link gets a fillip. Besides, copious amount of research on environmental public 
participation exists, by researchers like Caron Chess (Chess, 2010) and Vyonne Rydin (Rydin 
& Pennington, 2010) which points to the importance of public participation in maintaining the 
environment. 
In the Ramnadi corridor, the activities of the public post the flood event have included bank 
maintenance exercises, tree plantation drives along the Ramnadi, educational tours for 
schoolchildren to inculcate values of environmental conservation in them, and activism against 
encroachments. These activities have resulted in arresting and sometimes reversing the 
environmental degradation. Some of these activities have been carried through institutions like 
the Bavdhan Area Sabha (BAS). The networking portal WhatsApp is primarily used for 
communication and co-ordination in the BAS. 
When the locals are negligent and as a result, the partition is low, it is an open invitation for 
unscrupulous elements to misuse the commons, as has been seen in the case of Ramadi with 
the encroachment upon its corridor by private developers. Urban spaces need custodians, and 
through public participation, the locals can take up that role and prevent environmental 
degradation. 
e) Public participation is linked positively to redundancy (due to institutions like 
the Bavdhan Area Sabha) 
In the case of the Ramnadi, public participation has encouraged more actors to take active 
roles at the grassroots level. This has led to the existence of multiple actors who can perform 
the same roles. The task of identifying the actions to take for flood resilience, river 
beautification, etc. is traditionally the prerogative of the municipal corporation. However, in 
Figure 44 (below) it can be seen that members of the Bavdhan Area Sabha, a citizens’ group 
have been performing that task on their own account. This redundancy which can increase 
flood resilience has born out of public participation and has been carried out through institutions 
like the BAS.   
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Figure 44: Participation leading to increase in redundancy 
This observation from the case of the Ramnadi also is echoed by resilience literature. 
Broadening participation is seen as consistent with the mandate to design for redundancy to 
promote social-ecological resilience, by reimagining the governance ‘compact’, to expand 
actors involved in new governance arrangements (Hutter, 2017, p. 45).  
f) Public participation is linked positively to adaptive capacity (via institutions like 
the Bavdhan Area Sabha) 
As discussed in subchapter ‘Adaptive Capacity (Adaptive Cycle)’ (page 24) five determinants 
of adaptive capacity have been put forward. Out of these five, the following three point towards 
the importance of public participation in determining the adaptive capacity of a system:  
1. An effective innovation and capacity-building system based on adaptive cycles and 
experimentation of local and scientific knowledge. 
2. A flexible decision-making system that enables local self-determination, while 
ensuring synergistic interventions and avoiding conflicting ones between scales. 
3. Accessible participatory mechanisms that support fair exchange between social 
actors and encourage the sharing of resources and power. 
Empirical data which sheds light on the causality between public participation and adaptive 
capacity can be found in the Ramnadi stream corridor. After the flood event of 2010, increased 
participation has led to locals implementing strategies to respond to the unfolding situation and 
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the evolving challenges. The Bavdhan Area Sabha (BAS), which was formed post the 2010 
flood, is one such capacity-building institution which has promoted experimentation of local 
and scientific knowledge (such capacity-building systems determine the adaptive capacity, as 
mentioned in point no. 1 above). The BAS is in close contact with NGOs like Jal Biradri, 
Sagarmitra and Vasundhara Swachchata Abhiyan from whom it receives regular guidance for 
various environmental and social activities. Through the agency of the BAS, the locals have 
undertaken many initiatives. For example, the locals have undertaken the clean-up of the 
Ramnadi many times, the latest being 2nd October 2017, which demonstrates a flexible 
decision-making system that enables local self-determination, a determinant of adaptive 
capacity (as mentioned in point 2 above). 
In the Ramnadi corridor, over the years, the public has shown a capacity for learning and it 
has adjusted its approach and upped the ante when required. This was seen from its high 
responsiveness to stimuli like inaction of authorities (which led to filing of the case in the 
National Green Tribunal) and sudden encroachments (the encroachments by Goel Ganga 
group on the Ramnadi were spotted by Smt. Indu Gupta who describes her house as a “Watch 
Tower” from where she keeps an eye on the river). This harks back to point no. 2 above, which 
lists a flexible decision-making system that enables local self-determination as a determinant 
of adaptive capacity. 
g) Public participation is linked positively to self-organization (via institutions like 
the Bavdhan Area Sabha) 
Due to the Ramnadi flood and the resulting actions of locals like Indu Gupta and Dr. Pragathi 
Kaushal, awareness amongst the public has been raised. This has prompted the public to push 
for more rights to manage the stream corridor, as can be seen through clause 20 in the River 
Restoration Bill, 2016 (Rajendra Singh, 2016) which calls for the setting up of River Panchayats 
or Area Sabhas. These efforts are aimed at increasing the self-organization (see page 26) for 
the Ramnadi corridor which will ensure the management of that space by the actors who are 
vulnerable to disturbances from it like floods. Assuming that the actors are rational which is a 
safe assumption, given the earlier experiences, this will lead to increased flood resilience. 
Also, in the Ramnadi corridor, it has been observed that the flood event has led to 
“spontaneous” participation; that is participation which is organic and is not controlled by 
external actors (unlike types of public participation like community workshops and polls which 
are organised by the government), and has led to the formation of institutions like the Bavdhan 
Area Sabha which have steered it. This has led to structured and guided participation. The 
formation of the BAS is very much consistent with the theory of self-organization, which states 
that the organization (constraint, redundancy) of a system spontaneously increases, i.e. 
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without this increase being controlled by the environment or an encompassing or otherwise 
external system. The BAS is not a body which is controlled by forces higher up in the hierarchy 
of the governance structure, rather it is a result of organization of actors within the system. 
Public participation also promotes the distribution of control over the organization which is 
typical of self-organizing systems (Heylighen, 2001). Thus, public participation in the Ramnadi 
corridor has led to greater self-organization. 
Through this causal loop diagram, the importance of institutions which harness participation to 
bring about effective self-organization has been depicted by running the causal loop through 
the node of the Bavdhan Area Sabha. This is to bring to focus the importance of institutions in 
translating participation to resilience.  
h) Environmental degradation is linked positively to negligence of locals 
One of the causes of a sense of ownership is control (Furby, 1978). When one exercises 
control over something, it becomes a part of the sense of self. When an area deteriorates, the 
actors present in that area experience the feeling of a loss of control and thus may stop 
identifying with the area. This negligence in turn can make the deterioration even worse with 
the passage of time. In the case of the Ramnadi, the villagers traditionally used the riverfront 
for recreation, agriculture, religious rites and washing. The water was used for drinking too. 
However, with urbanization, the agricultural land was transformed into residential. The new 
inhabitants had not invested any time or energy in the river corridor, doing which would have 
created a sense of ownership (Rochberg-Halton, 1980). Deterioration through encroachment 
and littering of waste led to the space providing less services (the section of the river near 
bridges, for example, the one in Bavdhan (seen in Figure 31 on page 89) and roads has seen 
extensive littering of plastic and textile waste). Even the water became unfit for drinking. As 
was remarked by Mrs. Gupta and Dr. Kaushal (the ladies who are at the forefront of public 
participation taking place for the Ramnadi now) earlier when they settled in Bavdhan, they 
were virtually unaware of a river flowing in their backyard. The deterioration of the river, which 
destroyed most of the services that it offered, led to apathy of the citizens towards the river. 
This apathy was once removed when the littered waste led to clogging of a bridge in Bavdhan 
and resulted in water flowing over the bridge. The locals, under the guidance of Mr. Shailendra 
Patel ensured that the waste was removed. However, since then, the littering has gone on, 
which points to negligence leading to deterioration in turn. This cyclic relation between 
deterioration and negligence has been addressed in the explanation of the reinforcing 
feedback loop of Environmental degradation, ‘R’ (see page 137). 
On the other hand, less environmental degradation of a stream corridor (in other words, a 
stream corridor in a good condition) creates the right conditions for the locals to develop a 
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sense of ownership - although it may in itself not be enough to create the sense of ownership. 
Other factors like visual and physical access, cultural and historical significance and 
agricultural land use can contribute greatly to create a sense of ownership amongst the locals. 
i) Environmental degradation is linked negatively to the robustness of the social-
ecological system 
Robustness is the unwaveredness of a social-ecological system in face of change and 
uncertainty. It is the characteristic of maintaining essential services despite stressors to the 
social-ecological system. Any alteration of the physical subsystem which lowers the threshold 
of a social-ecological system to stressors can be termed as environmental degradation. With 
this lowered threshold, the propensity of a system to leave the basin of attraction increases, 
thus making it less robust and thus, less resilient. In the Ramnadi, this relation can be seen 
through various acts.  
One such act is the littering of plastic and textile waste in the river corridor, which led to clogging 
of the ducts under a bridge after heavy rains and resulted in water flowing over the bridge. 
Thus, the littering lowered the threshold of the amount of rain and the resulting flux of the 
Ramnadi required to submerge the bridge, making the corridor less robust to the same. A 
similar observation can be made for soil sealing which increased the surface runoff and 
worsened the flood situation during the 2010 flood (as remarked by a citizen, the water gushed 
towards their house from both sides, the river side and the hill side). A more straightforward 
example is encroachment and dumping of debris which happened in Bavdhan area along the 
Ramnadi which reduced the carrying capacity of the channel directly.  
Thus, environmental degradation has been observed to reduce the robustness of the social-
ecological system of the Ramnadi corridor. When understood in this way, the “why” for keeping 
the catchment and especially the channel litter-free, for preventing encroachment on channels 
and their concretization, for limiting soil sealing, and for a greater tree cover can be better 
understood. However, it is important to point out that an act could reduce the robustness to 
one stress and simultaneously increase the robustnes to another. For example, encroachment 
on the floodplains reduces threshold to floods, but increases threshold of the number of people 
who can live in that area. It is a different matter that these people  will probably face floods in 
the future. In any case, a systems approach is needed so that costs and benefits can be 
understood, scenrios can be compared and aims can be achieved. 
j) Public participation is linked positively to court/NGT orders 
Judicial intervention of the courts, including the National Green Tribunal (NGT) can only be 
sought through a petition in the court of law (exception being when the court takes suo motu 
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cognisance on behalf of a party). Public participation can lead to judicial intervention when a 
member of the public is the petitioner. In the case of the Ramnadi corridor, the National Green 
Tribunal, which is a special court set up to address environmental issues, was approached by 
the locals, which led to it holding the civic authorities accountable. 
k) NGO involvement is linked positively to environmental education 
The NGOs that deal with environmental issues are well aware of the need for not just post-
disaster action, but a preventive approach. Educating the public, especially the children, about 
the environment is seen as something integral to the preventive approach. In Pune, the NGO 
Sagarmitra is engaged in educating schoolchildren about the effects of plastic pollution from 
choking streams to suffocating fish in the oceans. Post the Ramnadi flood, this NGO has been 
especially active in the schools in Bhukum and Bavdhan.  
When NGOs get involved in a particular environmental disaster, an environmental education 
component is usually present. Post an environmental disaster, NGOs try to explain why it 
happened. This also educates the public about the positive and negative impacts that certain 
actions of theirs have had on the environment. In the case of the Ramnadi flood, when the 
NGO Jal Biradri got involved, it educated the locals on the causes of the flood and proposed 
solutions. The locals understood why they are doing what they are doing. This motivates them 
and encourages participation. 
l) NGO involvement is linked positively to court/ NGT orders 
Just the way participation can lead to greater judicial intervention, so can NGO involvement. 
The NGOs may either directly approach the courts or may guide members of the public to do 
the same. In the case of Mrs. Indu Gupta vs Goel Ganga group (Application No.39/2015 before 
the National Green Tribunal, Western Zone), which is the case against encroachment and 
dumping of debris in the Ramnadi corridor, the NGO Jal Biradri was the one which suggested 
Mrs. Indu Gupta and Dr. Pragathi Kaushal to approach the NGT. 
m) Environmental education is linked negatively to negligence of locals 
Through environmental education, locals become aware of the effects of their actions on the 
environment and on their and others’ future. In the presence of a certain degree of 
conscientiousness, this awareness can lead to reduction of negligence through proactive 
action. In the village Bhukum, which is near the source of the Ramnadi, the villagers were 
digging deep bore-wells for a long time. Eventually, they faced a drought-like situation. Mr. 
Shailendra Patel educated them on the reason for the situation (deep bore-wells) and gave 
them a viable option, which was to dig shallow wells in strategic locations and to use them in 
sequence. Upon being educated on why they are in that situation and how to get out of it, the 
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locals participated in the well construction activities enthusiastically and collectively decided to 
not use bore-wells. 
Through environmental education, locals get to know what needs to be done and how it can 
be done. This increases their familiarity with the particular social-ecological system and 
promotes a feeling of a sense of ownership as the more we know something the more likely we 
are to feel it belongs to us (Weil, 2003). This sense of ownership can lead to discretionary effort 
and personal sacrifice (O’driscoll, et al., 2016). When the NGOs Jal Biradri Sagarmitra and 
Vasundhara Swacchata Abhiyaan informed the locals of the acts of various actors (including 
the locals themselves) that caused the Ramnadi flood in 2010 and the ways in which a 
recurrence could be avoided, the locals realised that they could take steps to prevent the 
recurrence and took them, like hunger strikes, approaching the courts, periodic cleaning drives 
and forming Area Sabhas. This was not done purely out of a sense of self preservation, i.e. to 
prevent floods, but out of a sense of ownership. How else can acts like worshiping the Ramnadi 
and promising to protect her, and sharing pictures and videos of her flowing voluptuously 
during monsoon be explained?  
o) Flood resilience is linked negatively to flood effects 
The characteristics of resilience are robustness, redundancy, adaptive capacity and self-
organization. Thus, when resilience is high, one or more of these four characteristics are high. 
With greater robustness, physical damage due to floods reduces. With greater redundancy, 
more actors are in a position to respond, thus leading to faster and efficient mitigation of floods. 
With greater adaptive capacity, a social-ecological system can learn better from a disaster and 
can thus respond to it and to any future disaster more effectively, thus reducing its effects. With 
greater self-organization, the response time to disasters is lower and governance is more 
attuned to the local realities. Thus effects of floods or any such disasters are lower. By the 
same logic, when the resilience is low, flood effects will be greater, that is, the flood will be 
more disastrous. Hence the negative causation from flood resilience to flood effects.  
 
 
 
 
6. Understanding the Causal Links between Governance Attributes and Flood resilience 
131 
 
p) Flood effects are linked negatively to the negligence of locals1 
Floods, or any disaster for that matter, expose the systemic problems of social-ecological 
systems like stream corridors. Disasters may offer a window of opportunity, in which 
extraordinary circumstances create momentum for positive social change (Mochizuki & Chang, 
2017). In other words, these disasters are a wake-up call for the locals and can lead to them 
addressing the systemic issues that lead to disasters like floods. This phenomenon of disasters 
causing locals to pay attention to the systemic problems that ail a social-ecological system has 
been observed in the Ramnadi. For example, the only reason for the mobilization of the locals 
in the Ramnadi case was the 2010 flood. As Indu Gupta and Dr. Kaushal remarked, many 
locals were quite unaware of even the existence of a river in the locality. Only after the floods 
of 2007 did some people recognize its existence and after the 2010 floods, there was proactive 
action from their side. 
Just as greater adverse effects lead to lesser negligence, lesser adverse effects, or the lack 
thereof, lead to more negligence. As has been documented in the biography of Rajendra Singh, 
the water man of India who was interviewed during the course of this research, his story begins 
with a district in an arid region which faces drought, not because of less rainfall, but because 
the bunds which were constructed by the ancestors of the villagers which store water during 
the rainy season were in a state of severe disrepair and had lost their storage capacity. Thus 
this is an example of how resilience which has been developed through human efforts and 
thus needs to be maintained to avoid disasters eventually leads to complacency and 
negligence. This has also been observed in the case of the Ramnadi. For example, after facing 
severe water shortage, the villagers of Bhukum adopted the techniques and water 
conservation approaches as suggested by Mr. Patel. However, after the groundwater levels 
were restored, the villagers started neglecting the hydrological system, as has been described 
in chapter 4.2.2. Although the disaster (or shock) in the above cases is drought/water scarcity 
and not floods, they still serve to illustrate the causal link between stresses in general and 
negligence of locals. Floods, droughts, pollution, road accidents, being specific issues are 
subsets of stresses. 
                                               
1 In the causal loop diagram, it can be seen that two contrasting factors, physical deterioration and flood 
resilience, affect negligence of locals in the same way. This is not a contradiction, but a display of the 
varied nature of the variables which determine participation. Both, physical deterioration and flood 
resilience affect negligence of locals because of different reasons; physical deterioration because of 
sense of ownership (or the lack of it), and flood resilience because of the passage of time. 
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This negligence tends to continue until the resilience has been lowered enough for another 
disaster to strike. Hence the positive causation between resilience and negligence or locals. 
q) Negligence of locals is linked negatively to proactivity of politicians 
Politicians are elected by the people and are accountable only to them. In fact, according to 
the reply from the Lok Sabha Secreteriat (the Lok Sabha being the lower house of the 
parliament of India) dated June 3 2009, there is no provision neither in Constitution of India 
nor in Rules of Procedure and Conduct of Business in Lok Sabha that defines the duties and 
responsibilities of the Member of Parliament (MP) and through which non performing MP's can 
be held accountable (Times News Network, 2011). Same is the case for the MLAs (Members 
of the Legislative Assembly) who are elected to the state legislative assembly (equivalent to 
the Landtag in Germany). Thus, the only pressure that the national and state level politicians 
have is re-election. Thus, if the locals are negligent of certain issues, there is no incentive for 
a politician to strive for a solution to those issues, apart from a sense of duty and personal 
motivation. 
As far as elected representatives of urban local bodies are concerned, as pointed out by the 
Chairman of the Pune Metropolitan Region Development Authority, Mr. Vivek Kharwadkar, 
urbanising cities are beset with many issues and it sometimes rests on the people to highlight 
the issues which need to be redressed at the earliest, something which can’t happen if locals 
are negligent. 
Also, corruption is a global and a timeless reality, verily present in India, and negligence of 
locals only encourages it further which results in lowering the productivity of politicians. 
r) Proactivity of politicians is linked positively to environmental education 
The government, schools and NGOs, apart from the family, can impart environmental 
education in various ways. The government can provide funds for environmental education 
schemes and can tie-up with NGOs in the environmental education field for the same. It can 
also make it a part of the school syllabus. For both of these activities, proactivity of politicians 
is needed to judiciously manage the resources to be given to NGOs and to identify and fund 
environmental educationists to frame the syllabus for the schools. 
Mrs. Sanskriti Menon, Program Director at the Centre for Environment Education (CEE) in 
Pune, tells how environmental education is propped by NGOs, whose forte is co-ordination, 
and the local governing bodies, who provide resources. This allocation and mobilization of 
resources needs proactive elected representatives. 
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s) Proactivity of politicians is linked positively to accountability of officers 
Politicians (or elected representatives) wield considerable power over civil officers as they, 
being the representatives of the people, have the power to promote and transfer them. Hence 
the officers are directly accountable to the politicians and proactive politicians would ensure 
the accountability of officers. 
t) Court orders are linked positively to the accountability of officers 
Court orders, which direct the officers to perform certain aspects of their duties are legal 
requirements, not fulfilling which, the concerned officers would be breaking the law. These 
court orders are effective in ensuring that a certain task assumes priority. Mr. Vivek 
Kharwadkar, the Chief Planner for the Pune Metropolitan Region Development Authority 
(PMRDA) put it succinctly when he remarked, “our institution has been grappling with the 
mammoth task of managing the urbanization process in Pune and in that context, we may be 
falling short in delivering even the basic services to the people in some places. So the issue of 
river conservation would probably have been relegated to a secondary spot, had the judicial 
intervention not happened. But this is a classic example where delivery system was augmented 
by an intervention. So I would say that governance, as a whole, has delivered in the case of 
Ramnadi and the system has worked.” 
u) Proactivity of politicians is linked positively to clear laws, codes, plans and 
policies 
Politicians, that is, the elected representatives, in a democracy are responsible for framing 
laws. These laws are introduced as bills in the houses of the parliament and are passed after 
debates, in which each clause of the law can be pondered over. Thus, when politicians are 
proactive, they are inclined towards a genuine and thorough discussion of the bill. This can 
ensure the passing of comprehensive, unambiguous and clear laws. As Vijay Paranjape, 
trustee and chairperson of Gomukh, a leading NGO in Pune in the environment sector said, 
“after ideas have been floated and desires have been expressed, papers have been prepared, 
comprehensive statements have been submitted to the government, government has to finally 
prepare the plan and formulate laws for implementing such a plan. It has to the formulate rules 
and guidelines for implementing a law.” He further adds, “Policy is not being taken as basis for 
preparing law. Thus there are policies which stand alone and laws which stand alone, and 
there is non-implementation.” Thus, he points to lack of engagement of the lawmakers as the 
cause for the passing of badly drafted bills as the politicians are not proactive enough when it 
comes to discussing and deliberating on the clauses. In turn, bad laws lead to the building of 
the superstructure of codes, plans and policies on an unstable foundation.  
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v) Court orders are linked positively to the clear laws, codes, plans and policies 
Court orders are passed after a trial, in which rival parties present their cases, ideally in the 
best way possible. These orders are impartial and are given after due consideration of all 
viewpoints, situations and realities. Such court orders can inform the discussion of bills which 
deal with issues addressed in the court order. Thus they can help in framing clearer laws. 
The NGT, in its order on the Ramnadi case, has given clear instructions to the authorities as 
to what is to be done, and has reprimanded them at times for not executing the court’s orders, 
as was witnessed by the researcher when he attended the NGT hearing on the Ramnadi case 
on 22-03-2016. Thus, court orders can guide the civic authorities in making better codes, plans 
and policies.  
w) Accountable officers are linked negatively to impunity of private developers 
Accountability of the officers lies in being responsive to the needs of the public. They are given 
certain duties in order to fulfill these public needs, and to execute these duties, they are given 
power. When they are not being accountable, they are essentially not performing some of their 
duties, which can mean that they are not using certain powers or are misusing them. Hence, 
unaccountability can lead to a power vacuum which can get filled by private developers whose 
aim is monetary profit. As these developers get power over certain commons, they might 
indulge in illegal activities with impunity. When officers are accountable, these illegal acts get 
punished or prevented as a matter of course, thus denying private developers impunity. 
The Mrs. Indu Gupta & Ors. Vs. Goel Ganga & Ors. (2015) case shows both, the impunity of 
developers in the absence of accountability of civic oficials and the loss of their impunity when 
the officials became accountable. Prior to the 2010 flood, many private developers infringed 
on the Ramnadi by constructing within it and by dumping debris in the river. This could happen 
because the construction plans were passed without proper scrutiny and because of a lack of 
oversight. Once the civic officers were held accountable, they ensured the drawing of the flood 
lines, removal of debris and periodic dredging of the river. Thus, impunity of private developers 
was lost as a direct result of accountability of government officials. 
x) Accountable officers are linked positively to enforcement of rules 
In a democracy, rules, laws, policies and the like are drafted to ensure the welfare of the 
people. Government officials are accountable to the people, and the way they can 
operationalize their accountability is by ensuring the enforcement of the rules. Hence the 
positive link. 
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y) Clearer laws, codes, plans and policies are linked positively to rule enforcement 
Lack of ambiguity in the drafting makes for strong and clear laws/plans/policies/codes which 
makes enforcing rules easier and effective. 
z) Enforcement of rules is linked negatively to degradation of stream corridors 
Rules and regulations regarding various aspects like land use, no-development zones, and 
pollution control are based on scientifically derived and internationally accepted standards 
which are based on various parameters, ranging from parameters related to environment 
protection and flood mitigation to ergonomics. Thus, enforcement of such rules would lead to 
the maintenance of a stream corridor. 
In the Ramnadi case, there is an across the board consensus that degradation of the stream 
corridor has happened due to flouting of rules through encroachment, dumping of debris and 
garbage in the stream channel and corridor and unscientifically designed culverts which 
constrict the flow of the river. The result of the efforts to arrest and reverse the degradation of 
the Ramnadi corridor has been the enforcement of rules which were earlier being flouted. 
aa) Impunity of private developers is linked positively to environmental 
degradation 
Private developers are driven primarily by profit. If they are not obliged to concern themselves 
with the effects of their actions in the long run as far as the environment, customer satisfaction 
or social responsibility is concerned, they might very well chose not to. This tendency of 
developers is well acknowledged, be it in London (Wainwright, 2015) or Hong Kong (Chandra, 
2016). A similar distrust is echoed in the Indian context by Mukhija (Mukhija, 2016) when he 
argues for a more circumspect and cautious approach while dealing with private developers. 
Ravi Karandeekar, a developer who was interviewed by the researcher, has reported on this 
disposition of private developers extensively through his blog (Karandeekar, 2007). 
In the Bavdhan area of Pune, the environmental degradation caused by the private developers 
has been because of them encroaching upon the Ramnadi in various ways. Their actions had, 
until 2016, gone largely unpunished. Once they were brought to justice by the NGT, the 
condition of the Ramnadi improved considerably as the rubble and encroachments were 
ordered to be removed (see Appendix 7: National Green Tribunal order for examination of 
legality of structures along the Ramnadi, demarcation of flood lines, mapping of the Ramnadi 
according to original maps and marking of Debris). 
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ab) Accountable officers are linked positively to robust stream corridors 
Accountable officers ensure the implementation of law and adherence to rules and regulations. 
Provided the laws, policies, plans, rules and regulations are such that they promote robustness 
of stream corridors, accountable officers will ensure the same. 
Since the 2010 flood, the PMC authorities have been more accountable to the Ramnadi and 
have ensured seasonal dredging of the stream. They have also ensured that dumping of debris 
in the stream corridor does not happen, or that it gets removed when it happens. This has 
increased the carrying capacity of the Ramnadi and has thus increased the robustness of the 
stream to floods. The voice of NGOs and citizens was heard by the officers when they decided 
to not concretize the channel of the Ramnadi and the Devnadi anymore. The Ramnadi has 
also been included by the authorities at the PMC in the River Improvement Plan, which would 
have traditionally been drafted only for the Mula and Mutha rivers in Pune. 
ac) Accountable officers are linked positively to redundancy in the management of 
stream corridors 
When officers are accountable, they and the institutions they represent are essentially added 
to the roster of actors who are actively engaged in the management of a given social-ecological 
system. Thus, the redundancy is increased. Accountable officers will also work towards public 
participation, when tasked with it. This will also lead to increased redundancy. 
A comparison of the governance structure of the Ramnadi before the flood in 2010 and after 
the flood in 2016 (see page 100) shows a marked decrease in the power that private 
developers wield over the stream corridor. This has been due to an increase in the 
accountability of civic officials from various departments like state irrigation, water resources, 
office of the collector, chief engineer and PMRDA, who have filled the power vacuum which 
had hitherto been filled by the developers. Due to lack of accountability, the departments 
weren’t involved in the management of the stream corridor, but as accountability increased, so 
did their involvement. Thus, citizens, NGOs and various governmental bodies were 
responsible for the same space, thus increasing redundancy. As a result, the PMC started 
seasonal dredging of the Ramnadi and the removal of encroachments, the Irrigation 
department got to marking the flood lines and the PMRDA along with the PMC included the 
Ramnadi in the River Improvement Plan. 
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ad) Accountable officers are linked positively to adaptive capacity of the stream 
corridor 
The positive correlation between accountability and adaptive capacity is supported by Brooks, 
et al. (2005) who found accountability and government responsiveness to citizen concerns to 
be important governance indicators of positive climate change adaption.  
Adaptive capacity has to do with learning, and civic officials can help implement the learned 
lessons. In the Ramnadi corridor, the officials have responded to the call from the locals to 
dredge the river seasonally and to support educational excursions for students.  
6.2.3.3 The feedback loops 
Studying feedback loops is extremely important as it’s only through them that a holistic 
understanding of causalities within the system can be had, something which simple feedbacks 
(linkages) cannot capture. Some feedback loops can be seen in figure 41 which shed light on 
the dynamics that affect participation and flood resilience. Such feedback loops have been 
discussed here. The explanation for each node and causal link has already been provided 
above which the reader can refer to if they require a clarification for any node or causal link 
while going through the feedback loops. 
1. Reinforcing feedback of Environmental degradation
 
Figure 45: Reinforcing feedback loop R 
The reinforcing loop labelled R depicts that environmental degradation of the stream corridor  
leads to negligence of local residents (see Figure 45), which leads to those local residents not 
participating in the management of the stream corridor, which in turn results again in further 
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physical degradation of the stream corridor. This is a reinforcing feedback loop as more 
environmental degradation leads to more negligence and vice versa. 
This reaction, rather the lack of a reaction to environmental degradation, is most pronounced 
when the residents are not connected to the water body visually, culturally or historically, as 
without these connections, there is a lack of a sense of ownership amongst the public for the 
space in question (as has been explained in the explanation of the causal link between 
environmental degradation and negligence of locals on page 127). Thus, the space lacks a 
guardian, a phenomenon seen often in cities (especially in the ones which have urbanized 
rapidly), and deterioration alienates the locals further.  
2. Limits to growth in Participation 
According to the limits to growth archetype, almost all system which have a reinforcing 
feedback loop of growth and which derive that growth out of a limited resource (stock) will face 
a balancing effect due to the countering force exerted by the limited resource. In the case of 
public participation driven governance, the total corpus of potential participants acts as the 
growth limiting factor.  
 
Figure 46: Limits to growth archetype in feedback loops R and B2 
The Reinforcing feedback loop R (see Figure 46) depicts the phenomenon of participation 
feeding itself on its own accord. With high participation, environmental degradation is reversed 
(loop d). This leads to lesser negligence of locals (loop h) as they develop a sense of belonging 
and ownership of the environment. This in turn increases public participation (loop b), and the 
cycle continues. 
In loop B2, potential participants reduce as participation increases, setting a limit on the 
number of participants. Thus, however low the negligence of locals, there is a ceiling to how 
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high the participation can be, given the limited pool of participants. Thus, R and B2 together 
display the ‘limits to growth’ archetype in which loop R drives participation and loop B2 
dampens the effect of R. Understanding the phenomenon depicted through this archetype is 
important as it illustrates the need for designing effective schemes which can judiciously and 
efficiently utilize the participatory power of the people.  
3. Disaster as an opportunity for participation 
in loop B1, (see Figure 47, next page), the awareness of locals is a function of a flood. Thus, 
disaster in this case is an opportunity for making positive changes in the governance structure 
by involving locals who are otherwise removed from the management of the stream corridor in 
any formal or informal capacity due to their lack of interest.  
 
Figure 47: Balancing feedback loop B1 
While loop R discussed above reinforces participation, loop B1 balances it. How, is explained 
as follows. Let us consider that public participation increases. This increase, when expressed 
through participatory institutions like the Bavdhan Area Sabha, increases flood resilience. This 
increased flood resilience results in lowered flood effects. Lower flood effects contribute to 
negligence of locals. This increased negligence leads to lower public participation. Thus a 
counter-intuitive phenomenon is observed through this loop; that of greater public participation 
leading to lesser public participation. 
It should be evident to the observant planner that disaster-driven participation (as seen through 
loop B1) might be effective but is transient. For more sustained levels of participation which 
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can prevent the disasters from happening in the first place, involvement of NGOs and 
environmental education play important roles (see figure 41). Environmental education can be 
initiated by NGOs and by proactive politicians through organization of events and provision of 
funds for environment-building activities in educational institutions and localities. 
4. Balancing process with delay: Loop B1 with delayed flood effects 
Loop B1(see Figure 47) is a balancing feedback loop in which the causal link between flood 
resilience and flood effects has a delay, that is, the effects of low or high flood resilience in the 
form of a flood are not immediately felt; not until the occurrence of an outlying weather event. 
Hence, there is the possibility of low flood resilience being neglected and resulting in further 
lowering of the same as participation keeps on dwindling. Such delayed feedbacks lead to the 
creation of a false understanding of the nature of reality; in this case a false sense of security 
from floods. This is an example of an archetype called balancing process with delay. 
5. Lack of accountability leading to fixes that fail 
In the “fixes that fail” archetype, a problem is handled with a solution which may have some 
immediate advantageous effects, but the adverse side effects of such a fix become apparent 
only in the long term. In the case of the Ramnadi corridor, the causal loop seen in Figure 48 
shows how the accountability of officers can affect the flood resilience, and how the lack of it 
can lead to fixes that fail.  
 
Figure 48: Fixes that fail archetype seen through accountability 
With greater public participation, the authorities, being aware of the social-ecological needs of 
the system, can take actions to increase the redundancy of the system. However, with lesser 
participation, accountability gets lowered as the authorities get no feedback from the public. In 
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such a situation, rule enforcement, for example, gets compromised Rules might not get 
enforced, or the wrong set of rules might be applied and enforced. This leads to greater 
environmental degradation and thus, lesser resilience. Understanding this causal loop through 
the fixes that fail archetype clarifies the importance of public participation. With greater 
participation, the authorities will be more accountable and will enforce rules, thus arresting 
environmental degradation and increasing resilience. 
6.2.4 Understanding the implications of change in the governance structure between 
2010 and 2016 on flood resilience 
There has been an observable change in the governance structure of the Ramnadi corridor 
since the flood events of 2010. However, some actors are disappointed by the lack of actual 
change in the state of the stream corridor. There is a feeling in some locals and activists that 
whatever change has occurred in the governance structure has led to few gains on the ground. 
Major General (Retd.) S.C.N. Jatar, the President of the Nagrik Chetna Manch (NCM), one of 
the first and most active NGOs in transparency governance who was interviewed in March 
2016 says, “In my view, there has not been much change (in the status of the stream corridor 
since the last floods). It’s business as usual. They (the municipal authorities) are waiting for 
the next flood when more damage will occur. Then they will blame it on everything except 
themselves.” In a sense, it would be right to make such remarks, given the slow pace of 
observable change in the situation on ground. However, despite such reservations, there have 
been significant changes in the governance structure due to participation (compare Figure 37, 
page 100 and Figure 38, page 101), the effects of which might not be apparent, but are real, 
as has been explained through the causal loop diagram in the previous sub-chapter (Figure 
43, page 113). Also, in the latter half of 2016 and in 2017, there have been substantial 
observable changes in the status of the Ramnadi corridor, like NGT orders which have led to 
marking of the flood lines and actions on encroachments, inclusion of the Ramnadi in addition 
to the Mula and Mutha in the River Improvement Plan of the PMC.  
Such observable changes to the Ramnadi corridor due to changes in the governance structure 
are significant in their own right, but what matters most to this research is how those changes 
in the governance structure have affected the feedbacks, as that is what will determine the 
resilience of the Ramnadi in the long term and will help understand the causal relationship 
between public participation and flood resilience. This is where the case of Ramnadi stands 
out as it offers the chance to study the same through an analysis of the changes in the 
governance structure in 2010 (pre flood) and 2016 (post flood) which has been presented in 
the causal loop diagram presented earlier (Figure 43). Thus, the theoretical implications are of 
primary importance to this research. These have been covered in the following sub/chapter. 
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 The importance of public participation for flood resilience  
Certain governance attributes which are purported to be beneficial for flood resilience have 
been discussed earlier in chapter 2.6.1. The investigation into the stream corridors of the 
Ramnadi and the study of the causal loop diagram discussed above in this chapter has 
revealed that the governance attribute of public participation has played an important role in 
changing the status quo and has thus been an important component of governance. In this 
case, the public has shown the will and demonstrated the capacity to be a part of the 
governance structure. The causal relationships between public participation and flood 
resilience have been explored and have shed light on the importance of public participation for 
flood resilience. Following is a summation of the findings of this analysis. 
6.3.1 Public participation promotes self-organization1 
Public participation aids in distributing control of a social-ecological system over the whole of 
the actor constellation by distributing control to the locals. This distribution of control is very 
typical of self-organizing systems (Heylighen, 2001). However, when the public participates 
simply owing to government regulation and not on its own volition, by definition, it would not 
lead to self-organization as the structure which effectuates this participation is from an upper 
level in the hierarchy and not from the lowest level. Hence, the drawbacks of top heavy systems 
(low efficiency, delayed and weak feedbacks, vulnerability) would still ail such a participation. 
For example, participation can result in the public submitting recommendations to the officers, 
but implementing them may get delayed as the recommendations have to go through the 
official channels. The creation of bodies like the Bavdhan Area Sabha in the Ramnadi corridor 
of Bavdhan and the integration of the Ramnadi in the seasonal festival calendar in the Bhukum 
village has ensured that the institutions effectuating participation are controlled by the public, 
hence resulting in self-organization. 
6.3.2 Public participation increases the adaptive capacity through promotion of 
learning2 
Through this study, support has been found for public participation as a feature of adaptive 
governance; something that has extensive support through existing research (Tanner, et al., 
                                               
1 For further clarification of the causal link between public participation and self-organization, see page 
126. 
2 For further clarification of the causal link between public participation and adaptive capacity, see page 
125. 
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2009; Holstein, 2010; de Bruin, et al., 2009). It has also been observed through this study that 
some forms of participation are better at increasing adaptive capacity than others, as they 
ensure greater and lasting learning. This learning aspect which characterises public 
participation ensures a higher adaptive capacity (see page 24) in the face of a challenge. This 
increased range of knowledge for learning and problem-solving leads to resilience (Berkes, 
2007). For such types of participation, the importance of institutions for promoting learning 
can’t be overstated. Without the presence of institutions, there is a greater likelihood that 
learning will not take place or the learnt lessons might be forgotten. Such institutions which are 
formed at the local level ensure quick feedbacks and response, thus leading to a greater 
adaptive capacity.  
6.3.3 Public participation increases robustness1 
A lasting solution is the one which has the nod and involvement of a majority of stakeholders, 
especially the locals. In democratic societies like India which have an active and free citizenry 
such solutions can be realised and hence, efforts should be made to achieve that end. 
Otherwise, any other solution has a high likelihood of hitting roadblocks and opposition or may 
suffer from apathy. However, with the blessings and involvement of the local stakeholders, a 
solution can quite assuredly become a reality. Thus it becomes robust, which makes it resilient 
(see 2.3.2). Another reason why local solutions are resilient is that they are designed 
considering not just the ecological but also the social impacts and requirements. 
6.3.4 Public participation increases redundancy2 
The addition of active locals and local institutions in the management of a social-ecological 
system adds to the corpus of actors who are responsible for the same, thus increasing 
redundancy. 
6.3.5 Public participation can increase resilience by boosting other governance 
attributes 
Huitema, et al. (2009) and Lebel, et al. (2006) describe how certain governance attributes 
contribute to resilience of a social-ecological system. However, an interesting phenomenon 
which has been encountered in this research is that of one governance attribute promoting 
                                               
1 For further clarification of the causal link between public participation and adaptive capacity, see page 
128 and 123. 
2 For further clarification of the causal link between public participation and redundancy, see page 124. 
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another, leading to an increase in resilience. In the case of Ramnadi, public participation has 
led to the promotion of other governance attributes like accountability, polycentricity and 
experimentation which has in turn increased the flood resilience of the stream corridor. 
Following is the explanation of the same.   
Accountability 
The causal loop diagram depicts public participation as a factor which is linked positively to 
accountability of government officials. This causal link has been explained on page 122. Also, 
the explanation of how lack of accountability can lead to fixes that fail (page 140) stresses 
upon the importance of public participation as a factor which can increase accountability and 
thus increase resilience. These explanations draw from the observations from the Ramnadi 
case study to buttress the diagram; observations like the quick response of the municipal 
corporation when news of the hunger strike by the locals of Bavdhan to save Ramnadi got to 
their ears, and the case of the National Green Tribunal hearings where participation led to 
authorities being held accountable.  
When some locals of Bavdhan sat on a hunger strike to save the Ramnadi from 
encroachments, debris-dumping and pollution, the public oficials like the Commissioner of 
Pune and the Chief Engineer as well as the elected representatives like the Mayor took notice 
of the issue by visiting the fasting agitators personally and assuring them of action (of course, 
this is not the type of public participation that this research, or any policy for that matter, intends 
to promote, but when it comes to simply studying the causal link between public participation 
and accountability, it is immaterial whether the public participation is formal or informal). Later, 
to further push accountability, the locals approached the NGT, which reprimanded the 
authorities and instructed them to be more accountable to the public by doing their duties. The 
Pune Municipal Corporations and its concerned departments were instructed by the NGT to 
dredge the channel of the Ramnadi and the Irrigation department was instructed to mark the 
blue floodlines  (Mrs. Indu Gupta & Ors. Vs. Goel Ganga & Ors., 2015). These measures will 
increase the carrying capacity of the stream and will also halt development within the blue 
floodlines. Thus the capacity of the stream corridor to buffer flood events will increase. This 
will lead to a more “robust” stream corridor, thus making it resilient (see 2.3.2). In the meantime, 
due to the public’s efforts, the PMC has been dredging the river periodically.  
Polycentricity 
Public participation has also led to polycentricity, as can be seen in chapter IV of the National 
River Conservation Bill, 2015 which, based on the lessons borne out of participation in the 
corridors of the Devnadi and Ramnadi streams, has called for further decentralization through 
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the setting up of Area Sabhas or Area Panchayats. These are comprised of “stakeholders 
whose life and livelihood is affected by disturbing the natural existence of the water body”, as 
defined in clause 20 of this bill. The establishment of the Baner Area Sabha and the Bavdhan 
Area Sabha is also the result of public participation. This polycentricity will increase flood 
resilience in a way similar to the explanation given in chapter 6.3 - through increased adaptive 
capacity. 
Experimentation 
Public Participation can be beneficial for the resilience of complex adaptive systems owing to 
the scale at which it works. Complex systems learn by trial and error (Harford, 2016). Hence 
they need to be given the luxury to commit error through trials. In a bottom-up system, this 
luxury comes for cheap due to the existence of units at the bottom which can be given the 
power to govern the systems at their scale without putting other hierarchically parallel and 
higher systems at risk. Also, because of the scale, these systems can recover from errors more 
efficiently. As can be seen through the causal loop diagram on page 113, recovery can be 
much faster when power and resources are given to the locals, as much fewer systems are 
involved when action is through participation, and they can respond faster and even try out 
different approaches. On the other hand, bringing about structural changes through the agency 
of authorities of the government would mean taking a feedback loop which is much longer due 
to the dependency on many more actors and factors. Thus, this can be time consuming and 
the results can be ill-fitted to local requirements. 
6.3.6 Some emerging ideas on complex systems and their implications for public 
participation 
There are certain ideas and theories on complex systems that are not obvious through limited 
causal loop diagrams like the one used in this thesis but have much to contribute to the 
discussion on public participation. Two of these have been discussed below. Although these 
theories are not derived from this research, they are certainly reflected in it and hence 
supported. 
The expert problem 
Nassim Nicholas Taleb, in his impactful book Black Swan talks about the “expert problem”, 
which he defines as “harm caused by reliance on scientific-looking charlatans, with or without 
equations, or regular non-charlatanic scientists with a bit more confidence about their methods 
than the evidence warrants” (Taleb, 2007). He says, “Professions that deal with the future and 
base their studies on the non-repeatable past have an expert problem (with the exception of 
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the weather and businesses involving short-term physical processes, not socioeconomic 
ones)”. He cites the Nobel laureate Tetlock (2006) when he says, “Those who had a big 
reputation were worse predictors than those who had none”. Resilience of social-ecological 
systems is defined as the capacity of a system to absorb disturbance and reorganize while 
undergoing change so as to still retain essentially the same function, structure, identity, and 
feedbacks (Walker, et al., 2004). This definition tacitly acknowledges that a return to the 
previous state can’t be had, making the past non-repeatable and making social-ecological 
systems “things that move”, and hence vulnerable to the expert problem.  
Thus, it would be advisable to limit the reliance on experts, like bureaucrats, planners and city 
engineers when it comes to the management of social-ecological systems, given their inability 
to read a situation correctly on account of their incomplete knowledge of the social-ecological 
system, biases springing from preconceived notions and narratives, and the resulting handicap 
in giving appropriate solutions based on a wholesome view of issues. One solution is to 
promote a bottom-up approach, as systems operate much better when bottom-up because 
they are free of the expert problem. Public participation is the quintessential bottom-up 
approach. Even from the Ramnadi case, it is evident that a governance approach in which the 
public leads and the experts advice and enable results in increased resilience. 
This researcher is aware that him, an expert, advising against relying on experts sounds 
paradoxical, but it really isn’t, as the advice is against relying on expert solutions and not expert 
arguments. Even in the case of this research, the reader is encouraged to go through the data 
and its analysis and only then consider the conclusions and recommendations. 
Skin in the Game 
Managing social-ecological systems is, because of their complexity, a game of risk-taking. 
Here, the actors make choices and take decisions based on priorities and probabilities. When 
it comes to risk-taking, it is rational and ethical to expect the risk-taker to be someone who is 
incurring some personal risk for their decisions; or in other words, the risk-taker should have 
skin in the game. Any experts who might have unique insights and solutions can only present 
them to such a risk-taker for consideration, that is, the expert may propose but not dispose. 
Thus, it needs to be ensured that all actors have a skin in the game. Public officials should 
also have a skin in the game, by way of ensuring accountability. If they don’t, then power 
should be given to those who do have a skin in the game, which is the public.  
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 Benefits of systems thinking and of the causal loop diagram for public 
participation 
Systems thinking, instead of being limited to research, can also be of use to the actors. Stave 
(2002) lists five key characteristics of the system dynamics approach that provide an improved 
public involvement framework (of which public participation is a part, along with public 
awareness and public education (Hale, 1993)): 
 
1. Problem focus 
Systems approach is oriented towards identifying and investigating a particular problem. This 
prevents actors from jumping to solutions. 
2. Seeking problem causes in system structure 
System dynamics emphasizes finding problems within the system structure. It helps to 
contextualise the problem, which can otherwise be difficult for actors who are a part of the 
system and are not objective or lack perspective. 
3. Focus on policy levers 
Actors can learn about ways in which they can change their system to best respond to 
unfavourable conditions from outside the system which they can’t manipulate. As Meadows 
(1991) puts it, “Systems theory almost always reveals that a stress may be coming from 
outside, but the unproductive reaction of the system to that stress comes from the way the 
system is structured.” Through systems thinking, actors can find appropriate points of 
intervention within the system.  
4. Feedback tool for learning and policy design 
Actors can learn from feedbacks, but in the real world, feedbacks might be delayed, 
misperceived or missed. System modelling can provide quick feedbacks and the learner can 
run multiple simulations or games to test scenarios and ideas. Varied stakeholders can present 
their perspectives and policy can be designed accordingly. 
5. Process documentation 
The entire process of deliberation and evolution of discussion is reflected through the changing 
variables and every instance of updated causal loop diagrams. This shows how participant 
ideas were incorporated. This transparency can help address any unfounded notions that 
participants might have of their voices not being heard. This can greatly increase the 
acceptability of a plan.  
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From the above points, it is clear that the causal loop diagram can be a very useful tool for 
public participation in governance of social-ecological systems. In the Ramnadi corridor, it can 
be used by locals to determine the effects of any of their action. It can be used as a permanent 
canvas which the actors can modify and use in any further decision-making. This can be done 
in the following way. Any change or proposed intervention can be introduced as a node to the 
causal loop diagram of the governance structure of the stream corridor shown in figure 41. 
Then, the group of actors can determine the links that this new node has with other nodes. 
New nodes can be added and useless ones can be deleted. Feedback loops and any 
archetypes that emerge can be studied to understand the systemic impact that actions could 
have. This has been further elaborated upon in chapter 7.2.1. This exercise will aid in doing a 
SWOT analysis of the new node with respect to resilience of the stream corridor. Concerns 
and perspectives of all actors can be incorporated on this SWOT analysis. This will also aid in 
developing scenarios. Based on this, decisions can be made. The causal loop diagram, along 
with the explanation will be shared with the actors during the validation exercise in order to get 
their inputs.  
From the causal loop diagram it can be observed that there are many factors which influence 
the translation of participation into flood resilience. In hindsight, some past decisions which 
have gone wrong can be analyzed by stakeholders with a systems approach. Procedural 
mistakes can be identified. The more the stakeholders know about the counter-intuitive nature 
of feedback loops, the more studied and holistic their actions will be. This can help form more 
resilience inducing governance structures. Referring to an updated causal loop diagram and a 
diagram of the governance structure can help the decision-makers identify the relevant actors 
who should be involved in the decision-making process. The scope of involvement too, can be 
decided based on an enlightened view of the governance structure and dynamics, courtesy 
the diagrams. The drawbacks of not involving relevant stakeholders in decision-making has 
been observed in Pune through the case of concretization of the streams in Pune. This case 
was an example illustrating the need to involve relevant stakeholders like the locals and NGOs. 
Public participation backed by eminent citizens and NGOs was instrumental in ensuring the 
discontinuation of the practice of concretization. This shows the importance of participation-
induced accountability which leads to a robust stream corridor. Had it been for a systems 
approach, this involvement would have come sooner and concretization could have been 
challenged before it started. 
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 Conclusions from the causal loop diagram based study  
The governance structure of the Ramnadi corridor has been analyzed using a causal loop 
diagram. This method has enabled the researcher to extract findings through the single case 
study. The use of the case, existing research and sound arguments for determining nodes, 
drawing the links and explaining feedback loops and archetypes in the causal loop diagram 
has made the findings generalizable. Rival explanations too have been tested whenever 
possible to further dispel as many grey areas as possible. 
The importance of public participation for flood resilience and the way it contributes to it has 
been discussed in this chapter. It has emerged that public participation is an effective tool for 
securing social-ecological systems from unwanted archetypes like “fixes that fail”. From this 
discussion, it has emerged that the type of public participation required for flood resilience is 
situational. Thus, a particular type of participation, if successful in one case, shouldn’t be 
replicated in another case blindly, expecting the same results. Rather, what has come to fore 
is the importance of institutions for creating a governance structure conducive for effective 
public participation (and consequentially, flood resilience). This point has been introduced in 
chapter 6.3.1 and 6.3.2 and has been further elaborated upon in chapter 7.1. 
What has also emerged from this analysis, is that public participation is an important part of 
the feedback loops which determine the flood resilience of the stream corridor, and that it 
serves as an effective mode of intervention to bring about changes at appropriate levels of the 
social-ecological system to increase the flood resilience. The support for this observation is 
found in chapter 6.2.3.3 which makes the importance of public participation in various feedback 
loops clear and in chapter 6.2.4 which explains how public participation leads to systemic 
changes which result in a resilient stream corridor. 
The importance of environmental education and awareness for ensuring effective public 
participation has also come to the fore through the causal loop diagram. Without environmental 
awareness, deterioration of the stream corridor will lead to negligence on the part of locals, as 
they will not identify with the stream corridor (unless they directly suffer due to the degradation 
through events like floods). This has been shown in the causal loop diagram (figure 41, page 
113), with various factors like physical deterioration, flood resilience, flood effects and 
environmental education affecting negligence of locals. Physical deterioration can increase 
participation only when the public is sentimentally, socially or historically attached to the river 
corridor. However, due to rapid urbanization, this breed of citizens is getting increasingly rare. 
This is where the importance of environmental education increases as it can create such 
attachment through awareness and contact with the concerned ecosystem.
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आता िववामक  देव । येण वागये तोषाव । 
तोषोिन मज ाव । पसायदान ह ।। 
- पसायदान (पिहली ओवी ), संत 
ानेर (१३व ेशतक ) 
 
 
 
 
 
 
 
 
 
 
Now, O Divine who is the conscience of the 
cosmos, be pleased with this literary 
sacrifice.  
Being pleased, bless me with the following. 
- Pasayadan (first stanza), Saint 
Dnyaneshwar (13th Century AD) 
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The importance of participation for building flood resilience of urban stream corridors and the 
way in which participation can contribute to said resilience was studied in this research. The 
case of the Ramnadi was investigated for this purpose and lessons drawn from this case were 
viewed in light of existing practices and policies the world over and in the light of literature on 
participation and resilience. 
Based on this study, it is clear that participation plays an important, even indispensable role in 
achieving the goal of flood resilience. This conclusion has been arrived upon based on the 
findings from the case study and their vindication of the causal link between public participation 
and flood resilience, which was established using a causal loop diagram. Various probable 
rival explanations and hypotheses which could be imagined were steelmanned, based on 
which the nodes, links and feedback loops were established in order to form the causal loop 
diagram of the governance structure of the Ramnadi corridor (see chapter 6.2.3, page 113).  
However, along with the support found for the positive correlation between public participation 
and flood resilience, the research also supports that the participatory approach adopted in 
different cases and different times may differ, and rightly so (see chapter 6.5, page 149). After 
all, every river corridor is a unique social-ecological system with its own physiology, public 
capacity and political climate. Thus, one of more types of participatory approaches falling on 
various rungs of Arnstein’s ladder of citizen participation (Figure 6, page 41) may be 
appropriate for a given river corridor. This may, or rather will, change with respect to space 
(participatory measures may differ for stretches of the river which are in cities, hilly areas, 
forests, etc.) and time (as land use and demographics of the catchment change, so might the 
type of participation). Thus, it can at times be prudent to even move down the ladder in order 
to maintain flood resilience, or more likely, an automatic descent on the ladder can occur 
without necessarily reducing the resilience of river corridor. This can happen in urban areas 
which face decline and depopulation, or might happen as a matter of course as life settles 
down post a flood event. As James L. Creighton puts it in his seminal work on public 
participation, “An experienced practitioner of public participation will answer the question, 
“What level of participation is right?” with an authoritative, “It depends.”” (Creighton, 2005). 
Chess & Purcell (1999) further say that the form of participation (which has been referred to 
as level of participation, above) public meetings, workshops, or citizen advisory committees
does not determine process or outcome success. Thus the public might even turn down its 
participation a notch whilst continuing the delivery of successful outcomes in terms of 
resilience. Participation needs to be responsive, not ambitious. 
This “turning down a notch” can be seen in the case of the Ramnadi, where initially there was 
feverous participation after the 2010 flood which included many angry letters from the public 
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to officials, a court case and even a hunger strike. However, as things progressed and there 
was a clear move towards flood resilience, the people who had invested time and money in 
this type of participation scaled down their involvement to a more observational role as was 
suitable for the situation. Another example is from the Devnadi corridor which is close to the 
Ramnadi corridor. Here, the public participated by planting trees, cleaning the river channel 
and building bunds. Once this was completed, their role changed to over watching and 
maintaining the said corridor. Thus, the type of public participation which might have been 
necessary earlier might not be necessary at a later time. However, an innate characteristic of 
complex systems is internal feedback mechanisms, nonlinearities, delays and uncertainties 
(Sterman, 1994). Thus in order to read, understand and learn from feedbacks of a system, to 
factor in the delay while making decisions, and to respond swiftly and effectively to disasters 
which might occur due to uncertainties and nonlinear nature of complex systems, capable 
institutions are needed. Participatory approaches, as parts of this institutional structure, thus 
need to be designed keeping this complex reality in mind. 
Thus, while it is clear that participation requirements change over space and time, what is 
needed in social-ecological systems like stream corridors is an institutional structure which can 
deploy when needed, the necessary type of participation appropriate to a given situation in 
order to ensure resilience. Otherwise, if there is an insistence on a high level of participation, 
the public might lose interest and the result might be alienation and apathy (this can happen 
when workshops /seminars arranged by the government with participants from public turn out 
to be a waste of the participants’ time). Thus, participation needs to be responsive and not 
ambitious. Hence, for this discussion, it would be appropriate to typologize participation, not 
by its position on Arnstein’s ladder of participation (see page 41), but as a binary between 
event-based participation and continuous participation.  
 Continuous public participation and event-based public participation 
The typologizing of public participation into continuous and event-based has to do with the 
institutional structure which effectuates this participation. It is not based on the level of 
engagement of the public in the management of a given social-ecological system. However, it 
would be prudent to point out here that continuous participation should be such that it should 
be possible to scale up participation to the higher levels described by Arnstein (1969), as and 
when required. 
Continuous public participation has been conceptualized as the type of participation in 
which the public is constantly engaged in the management of a given social-ecological system 
in one capacity or the other and in which public knowledge of lessons learnt from past events 
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informs the decisions and strategies of the future owing to the presence of institutions which 
facilitate the same. This memory of the lessons learnt is the defining characteristic of 
continuous public participation. This kind of public participation is seen when institutions 
informing, motivating and mobilizing the locals are in place. These institutions can be as varied 
as area sabhas (ward councils), social media groups, NGOs and departments of the local 
bodies. They provide the support structure for sustaining participation at appropriate levels to 
aid prevention, preparedness, response and recovery.  
The defining property of such institutions which results in them promoting continuous public 
participation is the active involvement of individuals who personally carry the memory of the 
events and of the lessons learnt during said events. The public participation in the Ramnadi 
corridor has been continuous because of the presence of individuals like Smt. Indu Gupta, Dr. 
Pragathi Kaushal, Shri Shailendra Patel and Architect Sarang Yadwadkar who have been a 
part of the Bavdhan Area Sabha from the beginning (some were the founding members) up till 
now. The memory of the event and of the lessons learnt which is the repository of the Bavdhan 
Area Sabha is owing to these individuals. It is up to such individuals to pass on their wisdom 
to the next generation and to ensure that the continuity is maintained. There are various ways 
to do this, like workshops, periodic events (recurring festivals, drives) which serve to refresh 
the memory and to drive home the lessons learnt from the event and thereafter.  
Event-based public participation is the participation which is in response to a disaster-event. 
This type of participation can either be an isolated occurrence or can be a part of continuous 
participation, thus is not necessarily occasioned by an institution. It is driven by the need to 
return to normalcy post a disaster and shows high willingness on the part of the public to 
participate. However with time, as the situation normalizes, there is a high chance of the public 
forgetting the event and becoming negligent. Negligence which is an outcome as well as the 
cause of lack of continuous participation adversely affects event-based participation, especially 
pre-event participation for prevention and preparedness. Post-event, negligence is usually 
displaced by awareness and participation increases. Continuous participation can enable a 
faster and more effective event-based participation and greater flood resilience in general. 
How, that has been explained below. 
7.1.1 The need for continuous public participation 
The study of the governance structure of the Ramnadi corridor and the analysis of its causal 
loop diagram has shed light on the causal link between public participation and flood resilience. 
Pondering on this analysis with the binary of continuous and event-based public participation 
in mind, one begins to realize how continuous participation can aid greatly in creating 
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conditions for fostering resilience, i.e., how continuous participation leads to greater and 
effective participation which leads to greater flood resilience. 
Effects of continuous public participation on adaptive capacity 
The increase in the adaptive capacity (and hence flood resilience) of the Ramnadi corridor due 
to institutions like the Bavdhan Area Sabha can be attributed to the continuous nature of the 
public participation that characterizes such institutions. This continuous nature imparts it 
institutional memory which helps it learn from various events, irrespective of when they 
happen, and ensures that the lessons that are learnt are not forgotten. It is because of this link 
in the form of memory of past events and of lessons learnt, that every time there is a challenge 
to the resilience of the system, the actors do not start from square one, rather have the 
advantage of past experiences and lessons. The seasonal communal river cleaning activity of 
the locals, the monitoring of the performance of duties by the PMC and PMRDA, the knowledge 
of what to do in case of a flood and the constant vigilance over the Ramnadi corridor are results 
of the continuous nature of the BAS, which ensures that learnt lessons are not forgotten.  
Effects of continuous public participation on self-organization 
Public participation aids in distributing control of a social-ecological system over the whole of 
the actor constellation by distributing control to the locals. This distribution of control is very 
typical of self-organizing systems (Heylighen, 2001). It is the continuous nature of public 
participation which leads to a greater section of the public getting control. This is because with 
continuous participation, there is a diversity of action as the type of participation changes with 
time and thus more people with diverse interests and capacities can get involved. For example, 
the Bavdhan Area Sabha started out as a group of locals who had participated in the NGT 
case and the hunger strike as a reaction to the 2010 flood. Later, as activities like Ramnadi 
Puja, environment walks for schoolchildren and river cleaning were taken up by the BAS, more 
people got involved, increasing the self-organization and thus the diversity of responses to 
threats. Also, as shown in Figure 46 (page 138), the potential participants - their motivation 
and number - determine the upper limit of the number of participants that can be mobilized for 
a given participation activity. Through continuous participation it can be ensured that the level 
of potential participants remains high. 
Continuous public participation leading to more proactive, rather than reactive 
participation 
The different drivers of continuous and event-based participation, and their outcomes can be 
observed through the example of Ramnadi in Bhukum and Bavdhan. Some actors 
subconsciously realize the importance of continuous participation and take efforts to promote 
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it.  One method adopted for this has been education. Education of school-going students (as 
done by the NGO Sagarmitra) is one strategy which has been identified to create 
environmentally aware citizens. Children who have been educated about the effects that our 
actions have on the environment and who are not strangers to the notion of taking steps 
themselves to address the environmental issues in their surroundings will be more inclined to 
participate in flood resilience building measures. Also, their participation will be continuous, 
courtesy their education, and not an event-based aberration. 
Another strategy promoting continuous participation that was observed was the one deployed 
by Mr. Shailendra Patel. He picked an existing continuous process, which is various local 
festivals that take place annually, and made the Ramnadi and its environment a part of their 
narrative. Thus, apart from ensuring that there are multiple opportunities for the locals to 
participate in the management of the Ramnadi corridor, he also made the river a part of events 
which are cherished by them. This leads to a greater likelihood of the locals taking the issue 
seriously. Also, reliance on public memory to spur participation will decrease, with the river 
becoming a part of the cultural calendar.  
Event-based participation, when not followed by continuous participation is a symptom of 
inherent negligence of the locals. It points to the locals viewing the event which evoked their 
participation to be a stand-alone issue. Thus they might not be motivated to deal preemptively 
with any issues that might cause problems in the future as they do not view the social-
ecological system of the river corridor holistically. The reasons for this negligence might be 
manifold, including selfishness, laziness and ignorance. It is of much consequence that 
selfishness and laziness is at least in part a result of ignorance (It could be argued that 
ignorance is the only cause of selfishness and laziness, but that would be a separate thesis in 
itself on the topics of spirituality and metaphysics). An example of this can be seen in the case 
of Bhukum. The village which faced a drought-like situation participated wholeheartedly when 
Mr. Shailendra Patel led them in digging wells and asked from them to restrict the use of bore-
wells. This was an encouraging example of event-based participation. However, in spite of Mr. 
Patel’s efforts which have been mentioned in the earlier paragraph, continuous participation 
did not take off as desired. Institutions supporting continuous participation were not in place. 
Even when created, some institutions can have an initial period of dormancy before the effects 
of the institution on the governance structure are felt. Thus, the encroachments on the corridor 
of the Ramnadi in Bhukum and its redirection went unchallenged from the villagers. However, 
a change for the better in the attitude of certain villagers was detected by the researcher, 
especially amongst youngsters, which augurs well for the future of flood resilience in Bhukum. 
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The trend is certainly encouraging, and this points to the importance of perseverance and long 
term thinking while creating institutions. 
In Bavdhan, post the 2010 flood, the locals were willing to participate but were lost without a 
roadmap. This is where Jal Biradri, an NGO working in the water sector, came in. Later, the 
Bavdhan Area Sabha (BAS) was set up, which is an institute of value owing to the continuous 
participation that it brings to the table. In the presence of these two institutions, public 
participation in Bavdhan has thrived. Any challenges that presented themselves, as the flood 
resilience situation of the Ramnadi evolved, were faced with a sound plan and a resolve (see 
chapter 4.2).  
During the validation exercise of the results and the recommendations carried out in July-
August 2018, Ar. Sarang Yadwadkar remarked on the need to treat through public 
participation, the cause rather than the symptoms like floods or pollution. Continuous public 
participation has been conceptualized with this outcome in mind. 
Relevance of continuous public participation for utilizing disasters as opportunities 
Viewing a disaster as an opportunity is an approach that finds currency among climate change 
researchers and corporates alike. When  businesses use the term “disaster as an opportunity”, 
they mean using disasters as a means for companies to create goodwill, both in their 
communities and with the general public (Diermeier, 2011).  Climate change researchers, 
however, regard the process of rebuilding lives and communities post-disaster as a positive 
opportunity for change. They view disaster survivors not as victims but agents for change, who, 
with the necessary tools and techniques can facilitate the change process (adapted from 
Archer & Boonyabancha, 2011). This view, while emphatically endorsing public participation 
for the management of disasters, talks primarily about the tools and techniques which can aid 
participation. However, when it comes to the nature of participation, the crux of using disaster 
as an opportunity for increasing resilience would be to take the event-based participation 
emanating from the disastrous event, to harness it, and to use it as a starting point for the 
promotion of a more sustained, that is continuous, form of participation. This goes well with 
systems thinking as continuous public participation is more responsive to the wide-ranging 
dynamics of a system than a one-off event-based public participation. A participatory approach 
emanating from a systems perspective is bound to be continuous, as continuity in participation 
is just a manifestation of the acknowledgement of feedbacks, delays, nonlinearities and 
uncertainties in a social-ecological system. Such an approach is bound to lead to participation 
that is proactive rather than reactive. Public policy needs to be oriented towards setting up 
institutions which ensure such continuous public participation. 
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7.1.2 Disadvantages of continuous public participation 
Continuous public participation will tend to make the planning process iterative (an example is 
the process described in chapter 7.2.1 (page 158)). While this will make the process fair, it will 
also make it time consuming and expensive. Also, if the participatory process is executed 
poorly, it could dissuade individuals from further participation.  
Another issue is that if continuous public participation (or any public participation for that 
matter) precedes environmental, social and moral education of the public, it could lead to 
decisions which are short-sighted and environmentally damaging. This can eventually lead to 
loss of trust in the process, to the benefit of a top down planning approach and a return to 
square one. Will Durant summed it up succinctly when he said, “When liberty exceeds 
intelligence it begets chaos; which begets dictatorship”. However, continuous public participation 
can be designed in such a way that it incorporates environmental, social and moral education 
in the decision-making process. The causal loop diagram based approach for continuous 
public participation described in chapter 7.2.1 (page 158) is one such design which promotes 
informed decision-making. 
 Institutional recommendations for continuous public participation 
Policy-based research is one of the principal ways in which academics can have an influence 
on the world (Peck, 1999). The research carried out in this thesis has argued for the promotion 
of continuous public participation in order to make urban stream corridors flood resilient, and 
this has overt policy implications. To promote continuous public participation, institutions need 
to incorporate an environment oriented outlook and a systems approach which reflects the 
same. Recommendations for this have been presented below. Separate recommendations 
have been made for the various institutions through which the actors govern; the institutions 
being schools, NGOs, ward councils and municipal corporations. For every institution, the 
general recommendations have been presented. These recommendations are globally 
applicable. The applicability of these recommendations at the local level has been 
demonstrated by explaining how exactly these recommendations could be executed in Pune, 
Maharashtra or India. These local recommendations have been vetted in a validation round 
with relevant stakeholders in Pune, like locals, civic authorities, NGO members and 
intellectuals.  
7.2.1 Municipal Corporations and other urban local development bodies 
The municipal corporation can oversee the devolution of power to the locals by involving them 
directly in the management of a given social-ecological system. It can achieve this by creating 
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and supporting institutions which promote continuous public participation, and by adopting a 
systems approach and incorporating systems thinking as it goes about with involving the public 
in the management of said social-ecological system. 
Supporting institutions promoting continuous public participation 
The PMC under the Pune Smart City Plan undertook citizen engagement in a very 
comprehensive manner and at a scale which was unprecedented in Indian cities. Crowd-
sourcing of ideas was done through web portals, social media and face to face interaction 
during festivals like Ganesh Chaturthi. However, these activities were only limited to the Smart 
City programme and hence lacked the continuous aspect that has been mentioned in this 
thesis. In future, greater success in such endeavours can be achieved if the citizens are 
already primed for participation. To this end, active Area Sabhas (ward councils) will be useful 
as they will ensure a much greater participation through greater responsiveness and 
engagement of citizens. Thus municipal corporations should encourage and support the 
formation of the same as this will contribute to the success of any future programmes which 
have a participatory component or which need the co-operation of the public. 
The urban local bodies can do the following to support ward councils. They should identify 
leading citizens and NGOs in a given district (ward) and encourage them to form ward councils. 
This should be followed by establishing an online presence of these ward councils on various 
social networking platforms. To motivate citizens and reward participation, the urban local body 
should recognize the work done by active citizens by conferring awards upon them. Any 
environmental or development activity that the urban local body undertakes should be 
undertaken with the involvement of these ward councils. For example, pilot projects which were 
run during the Smart City exercise in Pune could have been implemented with the co-operation 
of Area Sabhas (ward councils), as in this way, their implementation could have resulted in 
establishment of the Area Sabhas as institutions of public participation. 
Encouraging continuous public participation by using a systems approach in planning  
The public needs to be given an informed-decision-making power as opposed to just decision-
making power. Thus it needs to be informed about the issues that are being faced, the causes 
of these issues and the consequences that its actions have had on these issues and how its 
future decisions could affect these issues. In this regard, system dynamics can be of great 
help. 
For every project, a causal loop diagram should be made. The urban local body should train 
certain officers and members of the public (some from each administrative unit within the city) 
in systems thinking (for example, training can be imparted on how to draw causal loop 
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diagrams, how to identify feedback loops and archetypes, etc.) so that they can aid the other 
stakeholders in the making of the causal loop diagram. When the public is made a part of this 
process, it will further systems thinking amongst the people. The following template can be 
adopted to create causal loop diagrams and make decisions based on it: 
Table 6: Systems approach for public participation in planning 
Step 1: 
Start the Causal Loop Diagram (CLD) by 
identifying the desired outcomes (e.g. flood 
resilience, greater biodiversity, lower 
pollution, faster transportation) and put them 
in visually distinguishable nodes (for 
example, all desired outcomes can be put in 
nodes which are box shaped). An 
explanation of the desired outcome (what it 
exactly is, which parameters will be used to 
measure it) should be provided in a separate 
document attached to the CLD.  
 
 
 
 
  
Start the causal loop diagram with the 
desired outcome/s. 
Step 2: 
The actions suggested by the corporation or 
development body should also be put in as 
nodes. Again, these should be visually 
distinguishable from other typologies of 
nodes. What these actions entail, and how 
they will lead to the desired outcome should 
also be explained in the attached document 
mentioned above. 
 
 
 
 
 
 
 
Add the actions which will bring about the 
outcome. 
Step 3: 
The actors who will effectuate these actions 
should also be introduced as nodes (again, 
visually distinguishable) and the causal links 
should be drawn connecting actors to actions 
and actions to results. In short, all causal 
links pertinent to the issue at hand should be 
 
 
 
 
Add the actors who  
will perform the actions.                            
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depicted and explained in the attached 
document. 
 
Step 4: 
This preliminary diagram should be shared 
with all stakeholders. They can add onto this 
diagram in order to illustrate the system 
dynamics hitherto ignored and can make 
comments to clarify the dynamics newly 
inserted by them and to make additional 
observations on the existing dynamics. 
 
 
 
 
 
 
 
 
 
 
Actors can point out unforeseen effects and 
actors. 
Step 5: 
A workshop should be held in which all 
stakeholders can come together and present 
their diagrams and comments. A single CLD 
can thus be produced through input from all 
stakeholders. Officers and citizens trained in 
systems theory should be in this workshop to 
point out feedback loops and archetypes to 
the stakeholders. The outcome of the 
workshop would be a new CLD which is 
formed after the issues raised by the 
stakeholders have been addressed. Based 
on this CLD, the approach to achieve the 
aims can be refined. 
 
 
 
 
 
 
 
 
 
 
Based on diagrams and comments from 
actors, new roles can be assigned and 
actions can be tweaked. 
 
In the Indian context, the Area Sabhas should be involved in this causal loop diagram aided 
planning process. This will lead to the Area Sabhas having informed-decision-making power, 
as stated above. This will also promote systems thinking amongst members of the Area Sabha, 
which will increase continuous public participation. Through such a causal loop diagram-based 
iterative approach, it will be easy for stakeholders like the public to see how their suggestions/ 
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grievances have been factored in and addressed by the municipal authorities. This will make 
the process transparent and fair. 
This causal loop diagram based systems approach for public participation is basically a 
framework which will enable the public to participate to the best of their capacity. It will, by 
itself, not ensure continuous public participation. For that, the recommendations made for 
schools, NGOs (discussed below in this chapter) need to be implemented. Thus, it will take 
time, but the movement will be steadily towards the goal of continuous public participation. 
In Pune, the newly instituted metropolitan region development authority, PMRDA, is well 
positioned to lead this systems approach, as one of the objectives of its planning department 
is to install Governance tools to improve ease of doing business; thereby providing efficient 
services to citizens (PMRDA, 2017). The Centre for Excellence department in the PMRDA 
focuses on training, research and support activities, and on installing best practices (PMRDA, 
2017). As such, it can take up the task of training officers and stakeholders in the systems 
approach mentioned in step 5 above. Thus, the PMRDA has the mandate as well as the 
institutional capability for mainstreaming this system based participatory approach to planning. 
Creating capacity building institutions for supporting public participation and 
promoting systems approach 
In the previous recommendation which called upon the urban local body to promote a systems 
approach in participatory planning, it was mentioned in step number 5 that officers and citizens 
trained in systems approach should help all stakeholders participate effectively by guiding 
them in order to ensure that their needs, observations and demands are properly represented 
through the causal loop diagram. When it comes to training such individuals, the urban local 
bodies have a central role to play. 
Municipal corporations should create a public facility to create environment awareness and 
promote responsible citizenship, thinking and action in order to make various social-ecological 
systems within the city resilient. Such a body shall be closely linked with the environmental 
NGOs that are active in the city. This body should be tasked with training officers, by organising 
system dynamics workshops for them. In these workshops, they should be introduced to 
archetypes and feedback loops, and should be made to work on examples from their own 
fields. Select members of the public from every Area Sabha should be given training in system 
dynamics too. These officers and members of the public can oversee the various causal loop 
diagrams that would be prepared in the process of urban planning and development. In the 
Pune Municipal Corporation, a facility by the name of Indradhanushya exists which can take 
on this mantle. As mentioned in the previous point, the Centre for Excellence department in 
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the Pune Metropolitan Region Development Authority (PMRDA) focuses on training, research 
and support activities, and on installing best practices (PMRDA, 2017). As such, it can take up 
the task of training officers and stakeholders in this systems approach. There is a natural 
synergy between Indradhanushya of the PMC and the Centre for Excellence at the PMRDA 
which should be utilized. 
Providing funds for furthering continuous public participation 
Three ways in which the Urban Local Bodies (ULBs) can promote continuous public 
participation have been described above. An important way through which ULBs can further 
aid continuous public participation is by allocating funds for the implementation of these 
approaches mentioned above. The meso and macro level government bodies (the state and 
national level government respectively, in the Indian context) provide funds to the ULBs for the 
on-ground implementation of schemes for activities like urban development, ecological 
conservation, disaster prevention and the like. The ULBs can utilize these funds for promoting 
continuous public participation. Following can be done in the context of Pune: 
1. The Smart Cities mission launched on 25 June 2015 has proposed an investment of 
Rs. 1,89,155 crore (29.6 Billion USD) for the 90 cities selected and Pune ranks 
second in this list. The causal loop diagram based systems approach for public 
participation proposed above sits well with the smart city approach adopted by the 
government of India, which lays emphasis on good governance, citizen participation, 
sustainable development, the environment and safety of citizens. In Pune, a special 
purpose vehicle, the Pune Smart City Development Corporation Limited (PSCDCL) 
has been formed to implement this mission. The PSCDCL can conduct activities like 
training officers and locals in systems thinking and organizing workshops. 
2. The Municipal corporations can utilize the funds allocated towards riverfront 
beautification (and any such funds that get allocated in the future) to support the 
annual river festival proposed under heading 7.2.4. 
Encouraging continuous public participation by encouraging the ward councils to make 
plans at ward level 
The Centre for Development Studies and Activities (CSDA) Pune, has, in its comparative 
analysis of development plans of Pune from the 1987 development plan to the 2007-2027 
proposed land use plan, called for further decentralization by making plans at the ward level 
through public participation. This research also supports such an initiative, as involving the 
public in planning will expose them to the various systemic implications of their and others’ 
actions, and will make them better disposed to participate in the implementation of said plans; 
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thus encouraging continuous public participation. Such ward level planning can be greatly 
promoted through the causal loop diagram based planning approach which was detailed earlier 
Table 6 (page 160).  
The causal loop diagram based planning approach can seamlessly stich ward level planning 
with the schemes and projects of the municipal corporation, as through this approach, the 
locals can take as many responsibilities pertaining to the ward-level implementation of the 
schemes and projects of the government as they can handle. With each passing project, 
members of the public can gain experience and expertise and can thus can gradually assume 
greater responsibilities (and power). As a result, ward level planning can grow in its scope and 
detail very organically. 
7.2.2 Schools: 
During the validation exercise of the results and the recommendations carried out in July-
August 2018, Ar. Sarang Yadwadkar remarked on the need to treat through public 
participation, the cause rather than the symptoms like floods or pollution; to invest in prevention 
than in cure. Educating the future citizens by imbibing the systems view in them and by making 
them aware of how they can participate in the management of their locality or city is an aspect 
of continuous public participation that addresses this directly. Schools play a major role in 
shaping the future citizens of a society. In this capacity, they can shoulder the following 
responsibility to promote systems thinking amongst the pupils with respect to the environment. 
Priming future citizens for continuous public participation through education 
Environmntal education readies the foundation for continuous public participation in social-
ecological systems as it creates aware future citizens who would be more responsive to 
participation. Schools should incorporate environmental education in their curriculum in ways 
that are more impactful and imaginative than the providing environmental education within the 
confines of a classroom. Excursions which raise environmental awareness and age 
appropriate activities which involve the students in environmental conservation like planting 
trees, cleaning of the area around the school or cleaning cultural, historical or ecological sites 
should be undertaken. Local NGOs can be involved for the same as they tend to have the 
know-how and the organizational capacity. When approached by the local administrative 
bodies with schemes and events for promoting environmental education, schools should 
respond proactively. Schools should include environmental education in their syllabus. Trips, 
excursions, and activities which demonstrate how the individual can contribute towards 
ecological causes need to be promoted to create aware future citizens. 
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In Pune, schools can invite NGOs like Sagarmitra, which involve the students in environmental 
conservation and promote in them, the understanding of systemic effects that actions like 
plastic pollution have on the environment in the short and long-term. Another NGO which can 
be involved at the school level is the Centre for Environmental Education (CEE), which can 
educate the schoolchildren about their own local environment and the services that local 
ecosystems deliver. 
Promoting continuous public participation through civics education 
The systems approach to participation that was discussed in chapter 7.2.1 can also be 
introduced at the school level to ready the future citizens (that is, school-going children) for 
participation in the governance of their localities. The following gaming exercise can be used 
by schools to develop the necessary skills and thinking asociated with the systems approach 
which has been proposed for public participation earlier. It can be introduced to students in the 
eighth and ninth standard (ages 14 and 15). 
The Actors 
- Each class shall be divided into sections, and each of these sections shall be given 
an administrative ward of the city in which the school is situated. Thus the pupils in 
that section shall be a part of the ward council representing the citizens of that 
particular ward.  
- These section should be given a list of issues which their ward faces. They shall elect 
a Nagarsevak (corporator) from amongst themselves to represent them at the mock 
municipal corporation. 
- One pupil from each section shall be made an administrative officer of the mock 
corporation. 
- The civics teacher shall take roles like the Mayor, Judge, arbitrator, etc. as and when 
the situation demands. 
The process 
- The pupils representing the ward shall set priorities amongst the issues they are 
given and convey the same to their corporator. 
- The civics teacher shall prepare a list of measures (schemes, policies, developmental 
activities, etc) which can be taken by the corporation, based on the actual city 
development plan (CDP) of that city and the existing schemes and policies.  
- The corporators shall discuss the ward-level issues in a session with the officers of 
the corporation, the mayor and with each-other in the mock corporation and selectc 
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one project to implement per ward. A starting causal loop diagram (CLD) should be 
prepared for each project on the lines described in the first two steps in Table 6 (page 
160). Here, the officers and corporators will determine the aim, the actions, and the 
actors who will perform those actions. 
- Consequently, the corporators and officers shall approach their respective ward 
councils with proposals in form of the above CLD. The pupils in the ward council shall 
be asked to think on how the proposed plan will affect things like pollution (air, water, 
sound, etc), different sections of the society (street hawkers, small vendors, slum 
dwellers, women, old people, children, working professionals), services (water supply, 
waste disposal, transport), safety (drought risk, flood risk, crime), environment, 
among other things. Such a list should be prepared and given to the pupils. Based on 
these considerations, the ward council can make changes and additions to the CLD. 
- Based on the feedback from the ward councils, the CLD can be tweaked by  the 
corporators and officers and can go back to the Ward council for the final 
consultation/approval.  
Civics that is taught as a part of the school curriculum in India introduces the pupils to the 
executive, legislative and judicial branches of the government at the central, state and local 
levels. However, one vital component which is found lacking in the syllabus is that of public 
participation. Participation at the local level is one of the fastest ways to effectuate change,  
that too in matters which affect the lives of the locals directly - matters related to local 
environment, infrastructure and facilities. By introducing schoolchildren to continuous public 
participation as mentioned above, a more meaningful civic education can be imparted; 
meaningful as in something from which many of them could directly benefit. 
7.2.3 NGOs:  
NGOs can further continuous public participation in two ways: by helping set up institutions 
which will provide the necessary framework for continuous public participation, and by helping 
the public in co-ordination with the government.  
Promoting continuous public participation through help in setting up institutions 
NGOs can be instrumental in helping the public to set up institutions like Area Sabhas for 
continuous public participation. To impress the importance of such institutions upon the public, 
NGOs can identify issues which the public is facing and introduce such institutions to deal with 
those issues. This will lead to the public understanding the importance and the working of such 
institutions. For example, in the Ramnadi case, the BAS was active right from its inception as 
it was formed to address a particular issue, that is, the Ramnadi flood. Thus, the locals of 
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Bavdhan got to know how and in what cases it could be used and got a first hand experience 
of its efficacy. Since then, the BAS has become a node for various activities of the locals of 
Bavdhan. This has widened its reach very organically, thus promoting continuous public 
participation. 
NGOs should help set up such Area Sabhas and should have citizens who are active in the 
Area Sabha and are in close contact with the NGOs. Many pilot projects in the environment 
and urban planning/design sector are being run in Pune (like river rejuvenation, walking plazas, 
city-level bicycle plan) and more are in the offing under the Smart City initiative. NGOs like the 
Centre for Environmental Education have been involved with some such projects. When such 
projects are done under the aegis of the respective Area Sabha with participation from the 
locals and are supported technically by the NGOs, the social acceptance of such projects will 
be high and the Area Sabha as a institution will be firmly established. 
In the context of Pune, Environmental NGOs can also get in touch with existing institutions like 
Ganesh mandals1, educate them about their genesis and role in the society, and aid in the 
development of these mandals into institutions which champion social and ecological causes. 
This won’t be a radical idea as many mandals do show social and ecological awareness. Some 
have gone completely green in the recent past (Lewis, 2011) and many center their themes 
around social and ecological issues, as witnessed by this researcher personally.  
Continuous public participation by helping the public co-ordinate with the government 
Co-ordination is the strong suite of NGOs. NGOs should be in close contact with Area Sabhas 
in order to inform them of the specific departments of the government which they should 
approach to redress their grievances and how to approach them. Also, NGOs can inform the 
locals of the specific funds and schemes of the government which can be used by them for 
certain activities. This will lend support to assorted public participation activities. NGOs should 
also guide the public in need by informing them of the actions that it can take to tackle 
ecological, social or legal issues.  
7.2.4 Ward Councils: 
A ward council is a body which has all the citizens of a ward as its members. In India, such 
councils are called area sabhas. An area sabha, as suggested in the Community Participation 
Law Bill (Karnataka Legislative Council, 2011), is defined as the body of electors in the area 
                                               
1 these mandals, or clubs, organise the annual Ganesh festival in their locality. They were started during 
the independence struggle as a means to spread public awareness. 
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covered by one or more polling booths in a particular ward. Such citizen’s groups should be 
formed to ensure greater grass-roots participation in governance. Networking platforms like 
social media (Facebook, WhatsApp) and events like social gatherings and festivals should be 
used to organize citizens for action and to disseminate information. During the validation 
exercise of the results and recommendations conducted in July-August 2018, interviewees like 
Ar. Sarang Yadwadkar, Smt. Aneeta Gokhale Benninger and residents of Bavdhan like Mrs. 
Indu Gupta and Mr. Shailendra Patel agreed that area sabhas should be empowered through 
the promotion of continuous public participation. Such area sabhas (ward councils) can 
promote continuous public participation in the following way. 
Continuous public participation through involvement in events and activities 
throughout the year 
Ward councils should be in contact with all social, cultural, religious and environmental groups 
in their area. Members from such groups should be active in the ward councils as much as 
possible. This will make them the nodal body of the locals. As a result, a body of locals having 
various interests and capabilities will be formed which can be utilized for addressing any 
shocks and stresses that the concerned social-ecological system will feel. 
A ward council should also be in contact with other ward councils which are adjacent or are 
part of a shared resource. For example, a ward councils of a ward along a river should be in 
contact with as many ward councils upstream and downstream as makes sense. 
Ramnadi passes through villages and through districts of the Pune city. These villages and 
some districts have their own annual festivals. The gram panchayats of these villages and area 
sabhas in these districts should see to it that the Ramnadi and the environment are featured 
in such seasonal festivals in order to further continuous public participation in the management 
of the Ramnadi corridor. This has already been started in the villages of Bhukum and Bhugaon 
in the form of Ramnadi Puja (that is, worship of the Ramnadi river as a godess). In addition to 
the Puja, activities which involve the locals, and activities which expose them to the importance 
of ensuring the resilience the river corridor and the effects that their actions have on the same 
should be incorporated.  
Apart from such Pujas in various sections along the Ramnadi, the gram panchayats and area 
sabhas should come together to organise a Ramnadi festival annually, which should have 
social, cultural, spiritual and environmental aspects. The site for such a festival is proposed in 
the premises of the 17th century Someshwar temple which is along the Ramnadi. Apart from 
the temple premises, which include a ghat (stepped river bank) and a municipal garden,  there 
is land adjacent to the municipal garden which is designated under the “Nala Garden” landuse 
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which can be utilized for the Ramnadi festival. Public talks and expositions can be conducted 
on this land under temporary structures. Such an event can be a platform for various Area 
Sabhas from the city and Gram Panchayats from the villages to present the work that they 
have done over the past year in the service of the Ramnadi. 
 Conclusion 
The classification of public participation into the binary of event-based and continuous that has 
emerged from this research is grounded in systems thinking. This classification has directly 
emerged from an inquiry into the characteristics of public participation which lead to successful 
resilience outcomes, and hence is a better indicator of resilience increasing strategies than the 
prevalent classifications like the hierarchical spectrums of participation as conceptualised by 
Arnstein (1969) or the International Association for Public Participation Canada (2015). This 
research shows that when participation is continuous, it leads to a better and longer public 
memory of the lessons learned from past events and of the strategies adopted for dealing with 
them. It leads to better preparedness, faster response and recovery, and lesser degradation 
of the social-ecological system; in other words, leads to resilience.  
To promote continuous public participation in order to make social-ecological systems resilient 
to shocks like floods, strategies to promote systems approach and systems thinking among 
different local actors and institutions were proposed. These strategies were such, which could 
be implemented through institutions like schools, NGOs, ward councils and municipal 
corporations. Thus, the importance of institutions in promoting continuous public participation 
was underscored. For schools, strategies to promote continuous public participation through 
environmental awareness and civics were proposed. For municipal corporations and local 
urban development bodies, it was by involving the ward councils in planning through a causal 
loop diagram based approach and by providing monetary and training support for the same. 
The role of NGOs in this endeavour was also explained by elaborating on how they can act as 
the link between the citizens and the state and how they can help the public set up and 
establish institutions like ward councils. The importance of having ward councils which are 
perpetually active and the way to achieve it was also explained. 
A recurring criticism that several stakeholders had, after the recommendation of using the 
causal loop diagram based approach for public participation in governance was presented to 
them first, was that it wouldn’t receive much support from a disinterested public. To them, the 
answer was that the rationale behind this approach was to ensure the existence of a framework 
for participation, irrespective of how much or how little involved the public or any other 
stakeholder is. Also, the recommendations have to be seen in their totality and not in isolation. 
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Thus, the recommendations for schools and NGOs would lead to an aware citizenry which 
would lead to a more responsible and greater participation sooner if not later. When that 
happens, the framework will be there to facilitate it. 
The analysis of the social-ecological system of the Ramnadi corridor has led to above 
conclusions and recommendations which are generalisable because of a theory-based, 
literature-supported and thoroughly-reasoned study of each of the nodes, linkages and 
feedback loops which were seen in its governance structure. Systems approach has proven 
ideal in this regard. The urban planning community would do well to use systems theory and 
the tools that it offers for addressing the issues that societies face in these complex times. 
Greater public participation, not to mention one that is continuous, would be a natural  
consequence of  a planning approach informed by systems theory. 
This research set out to find ways to increase the flood resilience of urban stream corridors, 
but the recommendations  that  have been arrived at for achieving the same are not specific 
to flood resilience, rather are ones which lead to an increase in the overall resilience of the 
stream corridor or any such social-ecological system. This is a reflection of the fact that 
systems theory does not look at problems in isolation; which is what is required while dealing 
with social-ecological systems, as the vulnerability to a particular shock  is often a symptom of  
a fundamental weakness of the system which might make it vulnerable to a host of other 
threats (adapted from Green, et al. (2000)). Hence the solutions that such an approach offers 
are in consideration of the subject, which is the social-ecological system, and not the object, 
which might be a shock like a natural or a man-made disaster.
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When the conscience of the society is linked with rivers, only then can the rivers be saved. 
- Magsaysay Award (2001) and Stockholm Water Prize (2015) winning water activist, 
Rajendra Singh. 
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This chapter first summarises how each research question was answered in the course of this 
research. The key lessons that were learnt have also been articulated here. The limitations of 
this research have been explained. This grounds the research in reality and also provides the 
starting point for further research aimed at expanding the knowledge base related to the 
concepts covered. Based on the lessons learnt and the limitations, further avenues for 
research have been outlined which could be pursued for verifying the validity of the findings of 
this research. 
 Answering the research questions in the course of this research 
This research posed three questions at the outset in order to understand the relationship 
between public participation and flood resilience, and to propose recommendations based on 
this understanding. 
The first research question endeavoured to understand the reaction to the 2010 flood event in 
the Ramnadi corridor in terms of changes in the governance structure post the said event. This 
was done to see if the developments were in accordance to existing literature on resilience 
and other cases of urban floods around the world. The theories on governance and resilience 
in the context of floods were studied. Based on theoretical understandings, it was hypothesized 
that flood events act as drivers for bringing about changes in the governance structure. This 
hypothesis was borne out by the increased public awareness and participation that was seen 
in the Ramnadi corridor post the flood event. This type of post event spike in participation has 
been termed in this research as event-based participation. The role that institutions like NGOs, 
citizens’ groups and activists played in motivating, and guiding the public was also studied.  
Having studied the changes that the flood event caused in the governance structure, it was 
noted that that public participation was at the centre of this change. The existing research on 
the concepts of resilience and governance which describes public participation as a 
governance attribute which contributes to resilience of social-ecological systems led the 
researcher to ask the second research question, which was “how” public participation has 
contributed to flood resilience. Here, the objective was to study the ways in which public 
participation contributed to flood resilience in the Ramnadi corridor. It was hypothesized that 
participation could not just contribute to flood resilience directly, but could also encourage other 
governance attributes like accountability which could in turn contribute to resilience. A causal 
loop diagram of the governance structure was drawn to understand the dynamics between 
public participation and flood resilience. The nodes, links and feedback loops in this diagram 
were studied, which led to an understanding of the role that certain institutions could play in 
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harnessing participation for resilience. It was noted that indeed, public participation can 
influence other governance attributes like accountability, which can in turn influence resilience. 
The third research question asked what interventions are needed to make river corridors like 
the Ramnadi corridor flood resilient. As an answer, a series of recommendations for various 
actors and institutions that are a part of the governance structure of the Ramnadi corridor were 
made. Some of these recommendations are case specific, however, the argumentation that 
was put forward as a basis for these recommendations can be of value to policy makers 
engaged in the management of urban river and stream corridors, at least in parts of the world 
which are urbanizing. The recommendations had a common theme in which the aim was to 
create institutions which deploy participation, not as a one-off occurrence, but an integral part 
of governance. Thus, the binary of event-based participation and continuous participation was 
proposed as it puts forward a conceptual classification of participation which can help policy 
makers devise sound strategies. Institutional and policy recommendations were aimed with 
harnessing event-based participation and institutionalizing it to create a more continuous and 
lasting variety of participation. This was viewed as central to increasing flood resilience. 
 Key lessons 
Over the course of this research, it has become clear to the researcher that the raison d'être 
of democracy is to ensure participation at all levels. Democracy, when adopted in its true and 
complete spirit would result in participatory approaches at all levels of decision making. Hence 
it is incumbent upon authorities, NGOs and prominent citizens to develop and implement 
innovative and place and occasion specific models of public participation. Customised models 
and solutions need to be adopted because of the time and space specificity of the shock and 
the actors. The reason for such an approach is that only this can ensure lasting and sustainable 
solutions, and should be encouraged in democratic societies.  
Thus for resilient solutions, it needs to be ensured that the locals are always a part of the 
governance structure, courtesy the adaptive capacity, redundancy, self-organization and 
robustness that public participation imparts. This brings continuous public participation in 
focus. Continuous public participation requires an institutional setup which comprises of 
institutions which involve, enable, educate and motivate the public. Such institutions should be 
formed at the lowest administrative level of a city: wards/districts/quarters. They should be 
open forums where everyone from the locals can join. Any activities that the government 
undertakes at the ground level should be done in partnership with such institutions. 
Shri. Vivek Kharwadkar, the metropolitan planner at PMRDA said, “our institution was 
grappling with the mammoth task of managing the urbanization process in Pune and in that 
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context, we may be falling short in delivering even the basic services to the people in some 
places”. Thus in rapidly urbanising scenarios, the administration can be with its plate too full. 
With public education and empowerment and resulting participation, there can be a meaningful 
devolution and sharing of power and responsibility, and resilience can be better maintained. 
 Theoretical contribution to governance, public participation and resilience 
The ability to generalise is a key quality criterion of research (Polit & Beck, 2010). In fact, this 
researcher would opine that the only thing that makes this research ‘research’ is its 
generalizability. This is because generalizing and theorizing are essentially the same, and the 
theoretical contribution is the research element in this work. Theories tell us something about 
the functioning of some part of the world and are hence, by definition, generalizations; and 
every generalization is essentially a theory of the functioning of a certain part of the world. In 
research, the generalizability can be of the conclusions, of the recommendations or of the 
research method developed by the researcher during the research. When this is achieved, the 
work will be invariably supporting an existing theory, refuting an existing theory or forming a 
new theory and will thus qualify as research.  
With this as the yardstick for research, this work emphatically qualifies as one, as has been 
explained below. This research is also timely as it contributes to an evolving discussion on 
governance, public participation and resilience during a phase in the story of humanity when 
theories on these topics have an important place in the scheme of welfare of all living beings 
on this planet. Following are the contributions to these theories and concepts. 
8.3.1 Interplay between governance attributes 
Substantial amount of literature exists that addresses the relationship between certain 
governance attributes and resilience. For example, the Stockholm Resilience Centre mentions 
principles 6 and 7 of the book “Principles for Building Resilience: Sustaining Ecosystem 
Services in Social-Ecological Systems” (Biggs, et al., 2005) which ask for broadening 
participation and promoting polycentric governance systems, respectively. Lebel, et al. (2006) 
have studied governance attributes like polycentricity, participation and accountability and 
have explained how they contribute to resilience. However, while the effect of governance 
attributes on resilience has been researched, the effect of one governance attribute on another 
governance attribute has been neglected. This research has given it attention, and thus the 
findings which describe the interplay between two governance attributes and the resulting 
effect on resilience is a scientific contribution which adds a new facet to the existing literature 
on governance-resilience dynamics. This research describes how one governance attribute 
(public participation) affects another (accountability, polycentricity, experimentation) (see 
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chapter 6.3.5, page 143) which in turn influences resilience. As such, this research exposes 
further levers which can be used by planners to achieve resilience ends and at the same time, 
exposes further causal links which need to be considered and researched.  
8.3.2 A new paradigm for classification of public participation 
This research proposes a fundamental switch in the approach towards public participation by 
focusing not on what kind of public participation is taking place, but how it has come to take 
place. In this research, a new classification of participation has been put forward. While 
prevalent classification, as put forth by Arnstein (1969) and the International Association for 
Public Participation Canada (2015) is based on the level of involvement and power of the public 
in decision making, the classification put forward through this research departs fundamentally 
from this approach. The classification emanating from this research has to do with the 
institutional structure which effectuates this participation and is a binary between continuous 
and event-based. The prevalent hierarchical classification of participatory approaches is not 
very helpful when it comes to determining the resilience of the social-ecological system in 
which the participation is taking place. The binary of continuous versus event-based public 
participation, on the other hand, is a more qualified indicator of resilience than higher levels of 
participation on Arnstein’s ladder of citizen’s participation (see page 41), as it is a pointer of 
the prospects of participation in the future. Why continuous public participation is more 
desirable from the point of view of resilience of social-ecological systems has been explained 
in chapter 7.1.1, (page 154) and ideas to convert event-based public participation to continuous 
public participation have also been discussed. 
8.3.3 Systems approach for social-ecological resilience 
Operationalization of resilience in social-ecological systems is of much significance, given that 
it is a prerequisite for qualifying a particular act, intervention or effect as resilience-imparting 
or resilience-reducing. Post-operationalization, a method is needed to study the effects of 
social-ecological factors including actions of actors on this operationalized resilience. The use 
of causal loop diagrams in this regard has been demonstrated in this research. The model 
used in this research can be adopted for any social-ecological resilience exercise. In this 
model, resilience has already been operationalized into four characteristics. What needs to be 
defined for each case is resilience “of” what and “to” what. Following this, the nodes and links 
which make up the governance structure determining the resilience under consideration can 
be drawn and analysed. Thus, this research has provided a model to study the effects of certain 
actions on the resilience of social-ecological systems in a systems framework. 
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 Achieving the Sustainable Development Goals of the UN 
The recommendations of this research can be beneficial for attaining the following three of the 
seventeen sustainable development goals of the United Nations (UNSDGs), as enumerated 
under the United Nations 2030 Agenda for Sustainable Development, in the following ways. 
UNSDG 2030 #11: Sustainable cities and communities 
One of the targets of goal 11 is to “enhance inclusive and sustainable urbanization and capacity 
for participatory, integrated and sustainable human settlement planning and management in 
all countries by 2030”. 
Continuous public participation that has been conceptualised in this research is beneficial for 
raising awareness and developing governance competencies in communities. Such public 
participation will have positive impacts on the resilience of social-ecological systems, of which 
these communities are a part, to shocks.   
UNSDG 2030 #13: Climate action 
It has been explained in chapter 7.1.1 (page 154), how continuous public participation can lead 
to an increased adaptive capacity and hence resilience in social-ecological systems. This will 
help in achieving the first target of goal 13 (target 13.1), which is to “Strengthen resilience and 
adaptive capacity to climate-related hazards and natural disasters in all countries”. 
Target 13.3 is to “Improve education, awareness-raising and human and institutional capacity 
on climate change mitigation, adaptation, impact reduction and early warning “. The 
recommendations for schools that have been formulated will primarily help achieve this target; 
recommendations like inviting environmental NGOs to impart lessons through lectures, 
excursions and participatory activities, and teaching children how they can participate in local 
decision-making process when they become adults by conducting mock exercises of the same 
in classrooms. 
UNSDG 2030 #16: Peace, justice and strong institutions 
Target 16.6 of the UNSDG is to “Develop effective, accountable and transparent institutions at 
all levels”. The systems approach for incorporating public participation in planning described 
in Table 6 (page 160) is a step in the direction of developing such institutions at the local level. 
 Limitations of the research  
There are many aspects to flood risk management, like studying the geo-morphology of the 
basin, hydrological flood modelling, making flood hazard and flood risk maps and proposing 
flood protection measures. It was tempting at times to present such data and work on it and to 
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make recommendations based on it. Recommendations like, soil sealing should be reduced 
by using porous materials for pavements, rain water harvesting should be promoted, original 
channel width should be considered and appropriate buffer should be left beyond it for 
construction activity as sometimes the blue line (prohibitory zone) and red line (regulatory 
zone) have been found to lie within the river channel at places, etc. However, such a study 
and such recommendations would fall outside the purview of the research questions which are 
asked in this research. Hence such data and recommendations have been omitted from this 
research as they would not emanate out of the methodology and would serve as a distraction 
from the focus of this work, which is continuous public participation.  
The causal loop diagram-based planning process discussed in this research for increasing 
resilience is iterative. This makes it time-consuming and can oftentimes be a trial and error 
based approach. Also, it is not as exact as, say, a stock and flow diagram-based planning 
process. However, given the lack of comprehensiveness of data, especially in a numerical form 
(a prerequisite for stock and flow modelling), the causal loop diagram has been used. 
Although analytic generalization was used in this research and not statistical, the single case-
study approach adopted here makes this study far from the last word. The causal loop diagram 
driven systems approach template for involving the public in planning that was proposed in the 
recommendations chapter (see page 158) could not be piloted in this research due to time, 
financial and logistical constraints. Thus, more cases need to be studied, and the 
recommendations need to be applied and the outcome analysed, for cinching validation. 
Due to exhaustion resulting from extreme heat, paucity of time and bashfulness on the 
researcher’s part, some interviews were not as exhaustive as was hoped.   
 Avenues for further research 
Multiple studies can be carried out to check the generalizability of the findings. Findings can 
be studied on a broader scale, and not just restricted to flood resilience, to draw a generic 
understanding. 
This research has shed light on the interplay between governance attributes and the resulting 
increase in resilience. The interplay between governance attributes has hitherto been 
neglected and hence, this research throws up more causal relationships (the one between 
various governance attributes) for research which can be studied further. 
The causal loop diagram driven systems approach template for involving the public in planning 
that was proposed in the recommendations chapter (see page 158) could be piloted for 
prospective doctoral or post-doctoral live case study research.
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Appendix 1: Example of cover letter for the attachment containing the project 
outline which will be sent to potential interviewees 
Dear Shri/Smt. X, 
I, Nakul Nitin Gote, am a doctoral candidate at the Dresden Leibniz Graduate School (DLGS) 
which is a part of the Technische Universität Dresden, Germany. We at the DLGS are working 
under the umbrella topic of resilience. The topic of my thesis is “Governing for flood resilience 
in urban stream corridors”. 
Ramnadi/ Devnadi1 is one of the case studies that I have selected for the above mentioned 
research. The case study approach for this research is based on collecting interviews of 
actors/stakeholders who have been involved in the flood risk management before, during and 
after the event. Thus I aim to talk to (1) locals who have been affected by floods and/or who 
have participated in flood management efforts, (2) experts and activists who are well versed 
with the issues of the case study and have lent direction to previous flood management efforts, 
(3) representatives of various departments of the Pune Municipal Corporation. Given the fact 
that you were the first Chief Information Officer of Pune, a Baner Area Sabha member active 
in the flood management of the Devnadi and an expert in systems theory and resilience (i.e. a 
local, a civil authority and an expert), interviewing you would help me greatly in my research. 
I am especially interested in studying the governance structure that exists for flood risk 
management in the Ramnadi and the Devnadi corridors; the actors involved, the issues, and 
the opportunities. The questions that I will ask will be open ended and the interview will be a 
dialogue. Thus it may take up to an hour. The interview can be anonymous if you so wish. 
I have attached an outline of my project for your perusal. I will be in Pune in the month of July 
and would be pleased if we could arrange a meeting then.   
Thanking you in anticipation, 
 
Yours Sincerely 
 
Nakul Nitin Gote 
  
                                               
1 The underlined part is different for every addressee. 
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Appendix 2: Interview Guidelines 
Interviewer: Nakul Nitin Gote 
Interview guide: Governing for Flood Resilience in Urban Stream Corridors: A study of public 
participation in urban stream corridors of Pune, India 
Local area/address: 
Name and designation of interviewee: 
Date: 
 
About the process: Interviews will be carried out with locals, authorities (governmental 
employees and elected representatives) and experts (activists, academics and professionals). 
Guidelines tailored to their suiting will be sent to them in advance. Each of these interviewees 
has a unique position in the actor constellation. Thus it is hoped that a complete picture can 
be painted by interviewing them separately. The answers from these three quarters will be 
cross examined. Capacities, grievances, requirements, and more will be brought together. 
Based on the background of the interviewee, questions apart from the ones in this guideline 
will be asked. Interviewees will be re-questioned in the light of answers from other 
interviewees. A narrative with minimum gaps will be prepared. 
Introductory address: 
1. Aim of the PhD thesis: To study how the governance attribute of public participation has 
affected the capacity to manage flood risk in urban stream corridors. 
2. Aim of this particular interview- Will differ from person to person. Will be based on the 
expertise or history.  
I, Nakul Nitin Gote, am a doctoral candidate at the Technische Universität Dresden, Germany. 
The topic of my thesis is “Governing for flood resilience in urban stream corridors”. I am 
especially interested in studying the governance structure that exists for flood risk 
management in the Ramnadi/Devnadi corridor because of the instances of public participation 
that have been observed in these stream corridors. I would like to know the actors involved, 
the issues and the opportunities. The questions that I will ask will be open ended and the 
interview will be a dialogue. Thus it may take up to an hour. 
Which language do you prefer? Marathi, Hindi or English? 
Do you want to keep this interview anonymous?  
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Questions 
Do you have any questions before we begin the interview? 
To locals:  
General information gathering/ opening phase 
1.1. What was your experience with the floods which occurred in the Ramnadi in 2010? 
- See to it that the respondents generate a narrative. Follow up their replies with 
supplementary questions. 
1.2. How were you affected by the floods 1. socially, 2. economically and 3. ecologically? 
Is flooding a significant problem for you? How significant? 
1.3. What do you think caused the floods? 
- Follow the answers with probing questions to see if they understand that a diverse set 
of actors (including themselves) are capable of, and thus responsible for, managing 
floods. 
 Which local factors and actors contributed to the severity of floods? 
1.4. Do demarcations of plots exist? Is it done considering the floodlines? 
1.5. How has plot ownership and land use affected the flood? 
1.6. Were you forewarned about the floods? If yes, how did you get early warning 
information? 
1.7. Did the flooding issue lose steam after some time? After how long? Why? 
1.8. What role did you play in the governance of USC before floods? And after? 
Study of the governance structure 
1.9. Who are the most vulnerable/ poor citizens living along the stream and how are they 
involved in management? 
1.10. Who was involved in the post-disaster recovery? From whom did you receive 
support and guidance? 
- Check if the authorities have responded in accordance to the requirements pointed 
out in the NDMG: MUF. How did actors like locals and experts contribute to the efforts? 
1.11. What actions did you take to reduce flood risk? 
a. Who/which organization was with you?  
b. On what basis did you act? (Expert guidance, self-initiative?) 
1.12. What is your impression of the action taken by the authorities post the 
floods? 
1.13. How has the status of the corridor changed since the last floods?  
(At the beginning of every phase, tell 
the interviewees what kind of questions 
will be asked and for what.) 
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- This question is to be asked to all three types of actors for comparison purpose. 
1.14. How did the authorities and public representatives react to your 
management efforts? 
1.15. How did you recover from the floods?  
1.16. What role does political influence play in determining the management of the 
stream corridor? 
Gauging questions (to gauge the capacity and motivation of locals for further participation) 
1.17. What do you think should be done to minimize the impact of future floods? 
- The objective here is to see whether the locals have the motivation (especially after 
knowing that they are in a position to prevent it) to be active actors in the flood risk 
management process. 
1.18. Are you in a better position to deal with another flood as compared to the 
last one?  
- Aim is to see whether they have learned from past event and if they know of any 
measures which have been put in place for better management of flood risk. This 
should test their awareness of the current situation. 
Collection of data (photos, details for map (e.g. flood levels at spots), further contacts) from 
locals. 
To authorities (governmental employees and elected representatives):  
General information gathering/ opening phase 
2.1. Please describe the 2010 Ramnadi floods? What were the causes? Impacts? 
2.2. How has your role in governance of the stream corridor changed after the floods? 
Study of the governance structure  
2.3. What are your department’s tasks and responsibilities when it comes to flood 
management in urban streams? What was the response in the case of Ramnadi 
floods? 
- See how their department governs in reality. How effective is it in dispensing its 
duties? Is it in accordance with the concerned guidelines? 
2.4. How does your department fit in the institutional framework for flood risk 
management? In short, how do you interact with other institutes?  
2.5. Are you dependent on any other institute for funding and what tasks need to be 
completed for procurement of the same? 
2.6. From whom do you take orders? Who is dependent on you for the same? 
- Aim is to form a clear image of the institutional structure. Map out links within the bio-
region and without. 
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Study of the changes and participation 
2.7. How has the status of the corridor changed since the last floods? 
2.8. What is your reaction to the means used by the locals to deal with floods? Do you 
engage with them? 
2.9. What has been the response of locals to the measures proposed or implemented by 
you? 
2.10. How did the local response affect other things like ongoing schemes (e.g. 
concretization), political decisions, landuse. 
Governance dynamics (सू म गो ी) 
2.11. What are the governance issues you face? What are the roadblocks in planning and 
implementation? E.g. co-ordination challenges or resistance from certain actors. 
- Issues can be caused by actors. This question will help identify the clashes. 
2.12. How high does the management of floods in urban streams feature in your priorities? 
Which responsibilities take precedence? 
2.13. How would you like to involve the locals in management of the stream corridor? 
2.14. What role does political influence play in determining the management of the stream 
corridor? 
Collect data from authorities. 
To experts (activists, academics and professionals):  
General information gathering/ opening phase 
3.1. How would you describe yourself? 
3.2. What got you interested in the stream corridors of Ramnadi /Devnadi? 
3.3. What are your thoughts on the state of stream corridors in Pune? 
3.4. Generation of a narrative. Does their answer promote any governance attributes? 
Study of the governance structure  
3.5. What is your take on the flood event/development in the corridors of the 
Ramnadi/Devnadi? 
a. causes, the effects on future flood event and their handling and post disaster work. 
- The aim is to see which actors the experts are critical of and their criticism. 
3.6. How has the status of the corridor changed since the last floods? 
3.7. What changes would you like to bring about in the governance structure? 
a. To see how they would like to change the governance structure. Again, which 
governance attributes are supported? 
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3.8. Would you recommend the involvement of the public in flood governance? Why? 
How can it be involved? 
3.9. What role does political influence play in determining the management of the stream 
corridor? 
Generalizability 
3.10. Do you think your ideas for Ramnadi or Devnadi can be emulated all across 
the country? What needs to be tweaked? 
3.11. Do you know of other similar examples of urban streams getting flooded? 
- Cues for further literature review. 
Collection of data from experts. 
Closing questions to all:  
Do you know other experts or individuals or organizations which have been associated with 
the flood risk management of Ramnadi or Devnadi corridor? 
Rate your interest in the stream corridor before and after floods on a scale of 5. 
Thank you for your answers. I am done with the questioning. Is there anything that you would 
like to add or ask?  
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Appendix 3: Description of interview environment 
Time:  
Disposition of the interviewee: 
Disposition of the interviewer: 
Atmosphere (Location, time limitation? Environment description, whose comfort zone?): 
Disturbances: 
Comments: 
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Appendix 4: Participant consent form 
PhD project, “Governing for Flood Resilience in Urban Stream Corridors: A study of public 
participation in urban stream corridors of Pune, India” 
I have agreed to the recording of the interview with Nakul Nitin Gote on _______________. I 
understand that the interview transcript will be used solely for academic purposes. Extracts 
from this interview and any other data that I provide may also be used in publications related 
to this research.  
         I would like my identity to remain anonymous (check box if applicable) 
 
I may withdraw from this consent form any time. 
 
 
Location:  
Date:  
 
signature  
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 Appendix 5: List of Interviewees with status 
 
No. 
Name 
Type of 
Actor 
Designation Comments 
1 
 Dr. Anupam 
Saraph 
Local, 
Activist  and 
Expert 
Ref. to Wikipedia 
page. 
Has shown considerable 
academic interest in the 
research.  
2 
Dr. Rajendra 
Singh 
Renowned 
Expert 
Magsaysay award 
winning Water man 
of India. 
Has advised the citizens of 
Baner as to what course to 
take for the flood risk 
management of Devnadi. 
3 
Suneel Joshi Activist 
State coordinator 
of a water NGO. 
Main advisor to the public 
and has already provided 2 
more contacts. 
4 
Dr. Pragati 
Kaushal 
Local  
Has filed an application in 
court to establish 
boundaries and path of 
Ramnadi. 
5 
Indu Gupta Local 
Chairman of the 
Saikamal housing 
society. 
Face and most active 
member of the public in the 
Ramnadi agitations. 
6 Adv. Aseem 
Sarode 
Expert Lawyer. In charge of the NGT case 
7 Ar. Sujata 
Kodag 
Expert 
Consultant, Pune 
Corporation. 
  
8 
Vinod 
Bodhankar 
Activist 
President of a 
participatory 
governance NGO 
and a water NGO. 
Visiting faculty, 
Nat. Water Acad. 
Associated with Ramnadi 
issues. Has lectured on 
'Flood Disaster 
Management' & 'Role of 
Community Service 
Organizations in Water 
Management' at Nat. Water 
Acad., Pune 
9 
Ganesh Sonune Authority 
Disaster 
management 
officer, PMC. 
Has shown considerable 
interest and has assured of 
support for snowballing 
10 
Ravi 
Karandeekar 
Professional 
Private Developer 
and blogger. 
Has shown great interest in 
the research and has 
assured all support along 
with introducing researcher 
to private developers and 
other stakeholders. 
11 
Bhavana 
Umrikar 
Expert 
Faculty Member, 
Department of 
Geology, Pune 
University. 
Author: “Impact Analysis of 
Urbanisation on Surface 
and Ground Waters Using 
Geographical information 
System Techniques: A case 
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study of North-West part of 
PMC” 
12 
Ar. Sarang 
Yadwadkar 
Expert Architect. 
Well versed with the 
Ramnadi case. 
13 
Ar. Zigisha 
Mhaskar 
Expert 
Consultant, Pune 
Corporation. 
 
14 
Dr. Shrikant 
Gabale 
 Expert 
GIS expert at 
YASHADA, Pune. 
His doctoral thesis was on 
Ramnadi 
15 
Chandrashekhar 
Athavale 
Local and 
Activist 
Blogger. 
Has covered the Devnadi 
floods in depth. 
16 
Anil Gaikwad Activist 
Scientist at the 
NCL, Pune. 
Founder of the Vasundhara 
Swachchata Abhiyan, an 
NGO 
17 
Sanskriti Menon Expert 
Head, Centre for 
Environmental 
Education, Pune. 
Has worked on the ecology 
of the Ramnadi 
18 Vivek 
Kharwadkar 
Authority 
Metropolitan 
Planner, PMRDA. 
Involved in Ramnadi case 
19 
Aneeta Gokhale 
Benninger 
Expert 
Urban Planner. 
Executive Director, 
CDSA, Pune. 
 Has worked on land use 
changes and environmental 
degradation in Pune 
20 
Maj. Gen. 
(Retd) S. C. N. 
Jatar 
Activist and 
Expert 
President, NCM (an 
NGO against 
encroachments on 
Ramnadi). 
  
21 
Dr. Pawar Expert 
HOD, Dept. of 
Geography, Pune 
Uni. 
 
22 
Vijay Paranjape  Expert 
Founder of 
environmental 
NGO, Gomukh. 
 
23 Shailendra 
Narayanbhai 
Patel 
Local and 
Expert 
Jaldevata Seva 
Abhiyan. 
Officer, DRDO. 
One of the most committed 
environmentalists in Pune 
24 
Babanrao 
Dagade 
Authority 
Sarpanch, Bavdhan 
village. 
Is fighting a case against 
encroachment on Ramnadi 
in the Bombay High Court 
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Appendix 6: Overview of “National Disaster Management Guidelines: 
Management of Urban Flooding” 
These guidelines have been prepared for central and state level ministries/departments and 
urban local bodies. They call for “a proactive, participatory, well-structured, failsafe, multi- 
disciplinary and multi-sector approach at various levels”.  
After the introduction (chapter 1) and an overview of the institutional setup (chapter 2), chapter 
3 talks about the early warning system and communication. It points out the need for more 
weather gauges and network stations which collect and analyze river basin data, in order to 
cover all the urban centers. As a part of the modernization plan, the Indian Meteorological 
Department (IMD) will be establishing “about 3800 satellite-linked Automatic Rain Gauge 
(ARG) stations, 1170 Automatic Weather Stations (AWS) and 55 Doppler Weather Radars 
(DWR) for 24X7 monitoring of weather in real-time with the state-of-the-art observational and 
communication technology support infrastructure.” This is being done to enhance the 
“nowcasting” (very short term warning, as opposed to forecasting) capacity of high intensity 
rainfall. The data thus collected will be integrated with the Digital Terrain and Elevation Models 
(DEM/DTM) and other geographic information to effectively manage urban flooding. 
Chapter 4 deals with the design and management of urban drainage system. It shows how the 
issue of storm drainage has been neglected until the formation of an “Expert Committee for 
the preparation of (a separate) Urban Storm Drainage Manual”. It lays the roadmap for 
preparing a stormwater drainage system inventory on a GIS platform. The requirements for 
urban drainage design, like contour data, real-time rainfall data and operation and 
maintenance requirements have been elaborated. Source control practices like rainwater 
harvesting, rain gardens, detention ponds, etc. have been explained. Specific strategies for 
cities on the coast/ river banks/ hilly areas/ near dams have been mentioned. Finally, ways to 
counter encroachment, like providing alternative accommodation, clear delineation and 
treating encroachment as a cognizable offence have been touched upon. 
Chapter 5 brings us to the actual issue of urban flood disaster risk management. It sets the 
agenda for disaster management by basing it on: 
1. Enhanced co-ordination between national, state and local scale and knowledge 
management for mainstreaming disaster risk reduction. 
2. Standardization tools, methods and practices for risk management. 
10. Appendices 
 
204 
 
3. ‘Learning by doing’ approach and exchange of experiences and best practices (this is 
reflected in the ‘experimentation’ characteristic of Adaptive co-management. See 0) 
and promoting the documentation and exchange of best practices. 
4. Initialization of R&D projects. 
5. Presentation of analysis and information in an easily understandable way. 
6. Integrated approaches based on master plans. 
7. Providing more funds for urban flood risk management. 
It points out the shortcomings in current urban flood management practices like, absence of 
comprehensive risk assessment, not factoring risk while preparing development plans, lack of 
institutional co-ordination and information sharing, disintegrated investment decisions and lack 
of consultation with stakeholders. It emphasizes on the need for adopting the watershed as a 
basis for urban flood management, especially for actions like preparedness and mitigation, 
early warning and communication, response, capacity development and awareness 
generation. On the topic of reducing vulnerability, the chapter identifies steps to reduce 
physical vulnerability of people and infrastructure through access to food and shelter, medical 
facilities and through increasing preparedness through evacuation plans, up to date building 
codes and place-appropriate retrofitting plans. 
This chapter also contains an illustrative list of the bodies which provide data (both static and 
dynamic) which can be used for timely risk management. The guidelines mention that a 
committee set up by the NDMA for reviewing the data needs and distribution of data among 
stakeholders. The responsibilities of government bodies from national to local levels have been 
listed. Importance of public participation and ways of making it work have been explained. 
Current developments in urban flood management which are being undertaken in cities of 
Mumbai, Chennai and Hyderabad have been illustrated. 
Chapter 6 gives an overview of the techno-legal regime which provides the framework for 
regulating the built environment. A glimpse of the various acts (e.g., Delhi Development Act 
1957, Model Town and Country Planning Act 1960) and guidelines (e.g., Urban Development 
Plans Formulation (UDPFI) Guidelines 1996, National Building Code) has been provided. The 
amendments proposed by an experts committee (2004) to the Model Town and Country 
Planning Act, Model Regional Town Planning and Development Law (1985) and the UDPFI 
guidelines which pertain to urban flood management have been mentioned in this chapter. 
Chapter 7 deals with the response measures that need to be taken immediately prior to and 
after a flood event. At the outset, the different impacts that various types of settlements 
(ranging from authorised colonies with approved layouts to encroachments upon streams, 
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drains and flood plains) and various land uses (commercial, industrial, educational) can have, 
have been mentioned. The facilities that need to be established for effective response have 
been enumerated under ‘Incident Response System’. The requirements during emergency 
response, like evacuation plan, flood shelters, food and water supply have been mentioned. 
The capacities and duties of institutions like NDRF, SDRF, police and fire brigade have been 
mentioned. Suggestions for involving the corporate sector for raising awareness in their offices 
and localities have been made. 
Chapter 8 addresses the tasks of capacity development, awareness generation and 
documentation. The document acknowledges that as urban flood disaster management has 
recently come into focus, capacity development and education are going to be difficult tasks. 
It emphasizes on the need to introduce modules of urban flood disaster management in the 
school syllabus. This has already been done in the case of central board schools. Suggestions 
for capacity development, like urging communities to develop own hazard mapping and 
evacuation strategies, integrating DRM strategies into socio-economic development planning, 
have been made. Special pointers have been given for awareness generation at household, 
community and institutional levels. The role of public representatives and media in awareness 
generation has been explained. The need for learning not just from successes but also from 
failures and inactions during past events through documentation has been emphasized. 
Faithful and accurate documentation is essential for bankable historic records. This can be 
done not just by scientific departments like the Indian Meteorological Department, but also by 
individuals, NGOs and technical groups. Further, this chapter presents examples of flooding 
from various cities around the world as well as from India, and the documentation and model 
generation that followed. 
In chapter 9, the task of implementation of the guidelines through the preparation of disaster 
management plans has been addressed. To mainstream disaster management into 
development, the Planning Commission of India (now replaced by the Niti Ayog) will allocate 
necessary resources for incorporation of disaster resilience in design and construction in all 
existing and new developmental programmes and projects. The disaster management plans 
are to be implemented by appropriate agencies, institutions and specialists who will be 
identified by the concerned national and state level ministries and departments. This chapter 
also lists the sources of funding for the disaster management efforts. 
Chapter 10 is a summary of the action points mentioned in each of the previous chapters (3 to 
9). These action points have been listed along with the institutions which are responsible for 
implementing them. This chapter can be used by stakeholders to efficiently identify their 
responsibilities and plan accordingly. 
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Appendix 7: National Green Tribunal order for examination of legality of 
structures along the Ramnadi, demarcation of flood lines, mapping of the 
Ramnadi according to original maps and marking of Debris 
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